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ABSTRACT 
 
The health-related fitness model (HRFM) was created to integrate five components of 
physical fitness (cardiorespiratory fitness, muscular strength, muscular endurance, flexibility, 
and body composition) known to support positive health. Research has evaluated individual 
health-related fitness markers relative to various biometric and perception measures; 
however, the HRFM has not been used to establish an overall fitness score. The purpose of 
this research was to create and examine an overall fitness score relative to individual health-
related fitness markers, self-reported quality of life (QOL), biometric markers, and disease 
risk factors.  
Health risk appraisals (HRA) were performed at three midwest manufacturing and 
processing companies. The HRA collected participant demographic and medical information, 
biometric measures, physical fitness, and QOL. The physical fitness assessments consisted of 
easy to administer protocols for the five markers of health-related fitness. Individual health-
related fitness markers were used to create an overall fitness score (0-5 points) with a 
pass/fail system based on normative categorization tables. Descriptive statistics, Spearman 
correlations, and non-parametric tests were used to examine individual fitness markers, 
overall pass/fail fitness and QOL. Analysis of Variance (ANOVA) with Tukey’s post hoc 
was used to detect differences in biometric measures by overall pass/fail fitness score and 
individual fitness markers.  Likelihood modeling explored the predictive significance of 
overall/pass fail fitness score and individual fitness marker categorizations relative to 
coronary heart disease (CHD) and metabolic syndrome risk factors. 
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A total of 176 participants between the ages of 20 to 76 years participated in the 
HRA. Gender distribution was essentially equal with 48.3% male (n=85) and 51.7% female 
(n=91). The majority of participants were of white ethnicity (94.3%) and reported education 
status of at least a high school degree (96.7%). Participants demonstrated low overall 
pass/fail fitness with 81.8% of participants passing fewer than two of the individual physical 
fitness assessments. Overall pass/fail fitness reflected each of the five health-related fitness 
markers through significant positive correlations (r=.34-.52; p<0.01), significant distribution 
differences (p<0.01), and significantly similar gender distribution differences (p<0.05). QOL 
also demonstrated similar distributions between overall pass/fail fitness and various fitness 
markers (cardiorespiratory fitness, muscular strength, and flexibility) while exhibiting a 
negative correlation (r = -0.27; p<0.01) and significantly different distribution (p<0.05) with 
body composition. Low density lipoproteins (LDL) were significantly different (p<adjusted α 
level of 0.007), by body composition categories where obese individuals had significantly 
higher LDL levels than those with healthy body fat. Overall pass/fail fitness score as well as 
the remaining individual fitness marker categorizations failed to detect significant differences 
among any biometric measures. Additionally, overall pass/fail fitness score did not 
significantly predict any risk factors for CHD or metabolic syndrome; however, a variety of 
individual fitness marker categorizations exhibited predictive associations with CHD and 
metabolic syndrome risk factors, specifically, muscular strength and body composition.  
Results suggest an overall pass/fail fitness score is able to comprehensively reflect 
individual health-related fitness markers. An overall pass/fail fitness score may also serve as 
a successful outlet in understanding the relationship between health-related fitness and QOL. 
However, overall pass/fail fitness score was unable to distinguish chronic disease risk factors 
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and minimal predictive associations were seen between normative categorizations and risk 
factors. These findings suggest the overall pass/fail fitness score reflects individual health-
related fitness markers and QOL, but does not serve as a reference for understanding disease 
risk. 
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CHAPTER I 
 INTRODUCTION 
 
Background 
Increasing rates of preventable chronic diseases such as cardiovascular disease, 
diabetes, overweight and obesity, as well as certain types of cancer are seen within the 
United States (World Health Organization, 2002). These preventable chronic diseases are 
understood to result from four modifiable health risk behaviors - tobacco use, unbalanced 
nutrition, excessive alcohol consumption and insufficient physical activity participation 
(Centers for Disease Control and Prevention, 2009). Independently, physical activity 
participation has shown to reduce the development of chronic diseases (Office of Disease 
Prevention and Health Promotion, 1999) and improve self-reported health status (Eriksen, 
Curtis, Gronbaek, Helge, & Tolstrup, 2013). These relationships initiated the development of 
the 2008 Physical Activity Guidelines for Americans to emphasize the importance of 
physical activity participation; specifically activities representative of the Health-Related 
Fitness Model (HRFM) (U.S. Department of Health and Human Services, 2008). The HRFM 
is a collective representation of five fitness markers (cardiorespiratory fitness, muscular 
strength, muscular endurance, flexibility, and body composition) known to aid in positive 
health (Bouchard & Shephard, 1994).  
Markers of the HRFM have been used in a number of studies to evaluate health-
related fitness relative to physical function (Suni et al., 1998; Stodden, Langendorfer, & 
Roberton, 2009) and mental well-being (Jeoung, Hong, & Lee, 2013; Suni et al., 1998; Hsu 
et al., 2014). In addition, health-related fitness markers have been used to create and validate 
2 
 
self-report fitness measures (Keith, Stump, & Clark, 2012; Abadie, 1988). However, no 
studies have developed a singular fitness value based on the five components of health-
related fitness.  
 
Goal and Objectives 
Goal: To examine the Health-Related Fitness Model relative to health status.  
Objective 1: To develop an overall fitness score based on the five markers of 
health-related fitness. 
Objective 2: Examine overall fitness score by individual health-related fitness 
markers 
Objective 3: Examine biometric measures, chronic disease risk factors, and 
health-related quality of life by overall fitness score. 
 
Thesis Organization 
The thesis begins with a review of literature focusing on health-related fitness 
markers. Following sections include the methodology, two manuscripts, and the final section 
containing overall conclusions, acknowledgements, references, and appendices. 
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CHAPTER II 
 REVIEW OF LITERATURE 
 
Introduction 
For over 50 years, health has been understood as “a state of complete physical, 
mental, and social wellbeing” (World Health Organization [WHO], 1947).  The health of 
individuals in the United States (U.S.) has been declining, evident by the increase in 
preventable chronic diseases such as coronary artery disease, diabetes, overweight and 
obesity, and certain types of cancer (WHO, 2002). In 2012, nearly 50% of Americans 
identified having one or more chronic diseases (Centers for Disease Control and Prevention 
[CDC], 2014).  Additionally, seven of the ten leading causes of death within the U.S. include 
preventable chronic diseases such as diabetes, heart disease and stroke. Together, these 
diseases account for nearly 48% of all deaths within the U.S. (Ward, Schiller, & Goodman, 
2014). These rising rates of chronic disease are believed to result from four modifiable health 
risk behaviors - insufficient physical activity, tobacco use, suboptimal nutrition, and 
excessive alcohol consumption (CDC, 2009). As a result, efforts to prevent disease and 
promote self-management have gained attention over the years (Office of Disease Prevention 
and Health Promotion [ODPHP], 2014). 
Chronic Disease Prevention 
 Various prevention methods have been implemented in the U.S. to address modifiable 
risk factors; however population responses to specific methods are inconsistent (ODPHP, 
2014). For example, cigarette smoking prevention methods implemented between 2005-2012 
decreased overall smoking prevalence within the U.S. from 20.9% to 18.1% (CDC, 2014).  In 
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2008, the Physical Activity Guidelines for Americans were developed to combat the low 
physical activity and increasing rates of chronic disease within the U.S. (U.S. Department of 
Health and Human Services [HHS], 2008). Regardless of the strong scientific evidence 
supporting recommended activity levels, this initiative to increase physical activity had 
dismal results.  According to 2012 statistics, only 20.3% of individuals 18 years and older 
were meeting the 2008 Physical Activity Guidelines for aerobic or muscle strengthening 
activities (CDC, 2014), and this shows a slight decrease from data prior to the 2008 Physical 
Activity Guidelines. According to 2005-2007 National Health Interview Data, 21.9% of 
adults were engaging in light to moderate physical activity five or more days each week 
(Schoenborn & Adams, 2010).  
Physical Activity and Chronic Disease 
The growing rates of preventable chronic diseases may be lessened through increased 
physical activity participation (ODPHP, 2014). Regardless of intensity, physical activity 
participation independently presents a number of health benefits (Blair & Brodney, 1999).  It 
has been concluded that preventable chronic diseases such as cardiovascular disease (CVD), 
type 2 diabetes mellitus, hypertension, and certain types of cancer are directly related to 
physical activity participation (Blair, Cheng & Holder, 2001).  
Cardiovascular Disease 
Heart diseases are the number one cause of death in the United States and studies 
have shown insufficient aerobic physical activity contributes to increased risk for CVD 
mortality (Katzmarzyk, Church, Craig, & Bouchard, 2009; Lee et al., 2012; Wei et al., 1999; 
Hoyert, Xu, 2012). Interestingly, studies suggest merely light to moderate levels of aerobic 
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activity are needed to reduce CVD risk factors (Wannamethee, Shaper, & Walker, 2000; 
Williams, 2001). Increasing participation in both aerobic physical activity and resistance 
training is an effective way of decreasing CVD incidence and mortality (HHS, 2008). 
Metabolic Syndrome  
Risk factors for CVD can also stem from previous diagnosis of metabolic syndrome 
(Ford, Li, & Sattar, 2008). Metabolic syndrome is a disease characterized by a combination 
of any of the following clinical markers; abdominal obesity, high triglycerides, low HDL 
cholesterol, high blood pressure, and high fasting blood glucose (Alberti, Zimmet, & Shaw, 
2006). Examining physical activity and the development of metabolic syndrome suggests the 
greater amount of time spent in sedentary behavior increases the risk of developing metabolic 
syndrome (Edwardson et al., 2012). Inadequate physical activity has been linked to increased 
insulin resistance (Helmerhorst, Wijndaele, Brage, & Wareham, 2009), the inability to 
remove triglycerides from the plasma, a lower concentration of high density lipoproteins 
(Bey & Hamilton, 2003), and increased systolic blood pressure (Shuval et al., 2014). In 
addition to CVD, metabolic syndrome is a risk factor for the development of diabetes. 
Ultimately, preventing metabolic syndrome risk factors with physical activity can decrease 
the incidence of secondary diseases such as CVD and diabetes mellitus (Ford, Li, & Sattar, 
2008).  
Diabetes  
Diabetes mellitus is characterized by increased levels of blood glucose as a result of 
defects in insulin secretion or utilization (American Diabetes Association [ADA], 2014). 
Rates of diabetes within the United States are rapidly growing. In 2012, 29.1 million 
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Americans had either type 1 or type 2 diabetes mellitus and in 2010, diabetes was listed as 
the number seven cause of death within the United States (ADA, 2014). Blood glucose 
control is essential for individuals living with diabetes mellitus. Diet, physical activity, and 
medications are current approaches for managing glucose levels (Pescatello & American 
College of Sports Medicine [ACSM], 2014). Regular physical activity has been shown to 
decrease insulin requirements in both type 1 and type 2 diabetes (Albright et al., 2000). 
Additionally regular physical activity of 150 minutes per week may delay the transition into 
type 2 diabetes for high risk populations (Diabetes Prevention Program Research Group, 
2002).  
Physical Activity and Self-Reported Health 
 Physical activity is often correlated with self-reported health status measures, 
specifically health-related quality of life (QOL). According to Fayers & Sprangers (2002), 
QOL is defined as “a uniquely personal perception, representing the way that individuals feel 
about their health status”. QOL is commonly assessed with a single question that rates 
overall health on a scale of excellent to very poor. This assessment measure has been 
accepted as a valuable tool to understand health status perceptions (Fayers & Sprangers, 
2002). Self-reported health, exhibits a dose-response relationship with physical activity 
levels. Individuals with lower physical activity participation are more likely to classify 
themselves in lower health categories compared to individuals participating in higher levels 
of physical activity (Eriksen, Curtis, Grønbæk, Helge, & Tolstrup, 2013). In addition, 
research has found individuals not engaging in sufficient levels of physical activity were 
more likely to classify themselves with poor QOL (Schmitz, Kruse, & Kugler, 2004). The 
increased musculoskeletal limitations found within individuals with low activity levels may 
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result in the inability to participate in desired activities. This inability results in an increased 
likelihood of reporting unhealthy days and low health-related QOL(Brown et al., 2004). Due 
to the dose-response relationship, increasing activity levels decreases musculoskeletal 
limitations, and may improve overall health and QOL (Imayama, Alfano, & Mason, 2013). 
Research has shown physical inactivity is related to poor QOL, but cardiorespiratory exercise 
and resistance training can improve health-related QOL (Williams et al., 2007). 
Activity Classifications 
Physical activity is an important factor in the management of health by preventing 
chronic disease and improving self-reported QOL (Warburton, 2006; Blair & Brodney, 1999; 
Blair, Cheng & Holder, 2001). Additionally, physical activity participation has shown to 
improve both physical fitness and body composition (HHS, 2008). To fully understand 
physical activity and its implications relative to physical fitness and health, definitions of 
each is necessary. Physical activity refers to “any bodily movement produced by skeletal 
muscle that results in energy expenditure” (Caspersen, Powell, & Christenson, 1985). 
Physical fitness is a combination of physical and psychological attributes defined by “a 
physiologic state of well-being that allows one to meet the demands of daily living or that 
provides the basis for sport performance, or both” (Warburton, 2006).  
Health-Related Fitness Model 
 As previously discussed, extensive research supports the relationship between 
physical activity and specific population health markers.  Research has used a variety 
physical fitness measures such as cardiorespiratory fitness, agility, balance, or muscular 
strength to tangibly understand the relationship between physical activity/fitness and health. 
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This use of specific individual fitness measures fails to encompass how multiple dimensions 
of fitness (e.g. cardiorespiratory fitness, muscular strength, muscular endurance, flexibility) 
correspond to overall health status (The President’s Council on Physical Fitness and Sports, 
2015). This limitation inspired Bouchard and Shephard to develop a comprehensive model 
that designates the components of physical fitness known to aid in positive health; the 
Health-Related Fitness Model (HRFM) (Bouchard & Shephard, 1994). The HRFM 
incorporates cardiorespiratory fitness, muscular strength, muscular endurance, flexibility, and 
appropriate body composition into a model that collectively represents positive health 
(Bouchard & Shephard, 1994). Health-related fitness is accepted by the American College of 
Sports Medicine (ACSM) to “have a strong relationship with overall health, and are 
associated with a lower prevalence of chronic disease and health conditions and their risk 
factors” (Pescatello, L.S., & ACSM, 2014, p 60). As a result, both ACSM and the 2008 
Physical Activity Guidelines recommend individuals engage in activities representative of 
each of the five health-related fitness markers (HHS, 2008, Pescatello, L.S., & ACSM, 
2014).  
Cardiorespiratory Fitness 
Cardiorespiratory fitness has been defined as “the ability to perform large muscle, 
dynamic, moderate-to-vigorous intensity exercise for prolonged periods of time”.  
Cardiorespiratory fitness is understood as a “health-related component of physical fitness” 
because of its significant effect on preventable health conditions (Pescatello & ACSM, 
2014).  Cardiorespiratory fitness has been shown to reduce the incidence of CVD (Gupta et 
al., 2011), metabolic syndrome (Edwardson et al., 2012), musculoskeletal limitations 
(Imayama et al., 2013), type 2 diabetes (Mullooly, 2002), hypertension (Juraschek et al., 
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2014), certain types of cancer (Kampert, Blair, Kohl, & Barlow, 1996), osteoporosis (Going 
et al., 2003),  poor health perceptions (Suni et al., 1998), and all-cause mortality (Lee et al., 
2012; Wei et al., 1999).  
A number of assessment strategies are available to evaluate cardiorespiratory fitness. 
Detailed methods of assessment include maximal or submaximal exercise testing while 
universal measurement protocols consist of step tests or field assessments. Submaximal and 
maximal exercise testing estimate maximal oxygen uptake and are understood as the primary 
markers of cardiorespiratory fitness (Arena et al., 2007). These assessment measures are 
utilized primarily within laboratory or clinical settings because of the high cost, required 
equipment, and knowledgeable technicians (Pescatello & ACSM, 2014, p. 74). Step tests are 
commonly used to assess cardiorespiratory fitness because of the low cost, short duration, 
and minimal equipment required (McConnell, 2009). The YMCA 3-minute step test is a 
regularly used assessment protocol and functions by stepping on a 12 inch stool, to a cadence 
of 96 beats per minute for three minutes, and assessing post-activity heart rate recovery 
(Golding, Myers, & Sinning, 1989; Pescatello & ACSM, 2014, p. 85).  
Muscular Fitness 
Muscular strength and muscular endurance have been collectively assessed and 
understood as components of overall muscular fitness (Pescatello & ACSM, 2014, p 94). 
Decreased mortality rates (FitzGerald et al., 2004) and risk factors for developing CVD, type 
2 diabetes, certain types of cancer (Hurley & Roth, 2000), metabolic syndrome (Jurca et al., 
2005) and osteoporosis (Williams et al., 2007) have been observed with greater muscular 
fitness. Specifically, research has shown that muscular fitness leads to improvements in 
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musculoskeletal health (Ensrud et al., 1994), functionality, body composition (Hunter, 
McCarthy, & Bamman; 2004), total cholesterol, triglycerides (Pollock & Vincent; 1996), 
glucose tolerance (Williams et al., 2007), bone strength and mass, and joint mobility 
(McQuade & De Oliveira, 2011). Muscular fitness is recognized as an important contributor 
to improved functional capacity, and in turn positive health (Pollock & Vincent, 1996).  
Muscular fitness assessments vary based on assessment location, equipment 
availability, and technician competency. Equipment specific strategies such as bench and leg 
press measurements and may be difficult to administer in traveling facilities. Simple to 
administer strategies such as grip strength, push up, sit up, and wall sit are used more 
commonly in general facilities (Pescatello & ACSM, 2014, p. 94-99). 
Muscular Strength: Muscular strength refers to “the muscle’s ability to exert force” 
(Pescatello & ACSM, 2014, p. 94).  Common assessment protocols used to assess muscular 
strength include handgrip dynamometers, one repetition maximum (1-RM), or 10 to 15 RM 
(Pescatello & ACSM, 2014, p. 96). Handgrip dynamometers assessments require a single 
handgrip dynamometer and have been regarded as safe and effective measurement for 
individuals of all ages and health status (Heyward, 2010; Spruit, Sillen, Groenen, Wouters, & 
Franssen, 2013). Handgrip dynamometer assessments require little equipment and training, 
while other assessments such as the 1-RM or 10- to 15-RM require additional equipment, 
technician competency, and safety precautions. These maximum repetition assessments 
usually require free weight or exercise machines and utilize bench press or leg press 
exercises. With appropriate training and preparation, these assessments have also been shown 
as reliable indicators of muscular strength (Levinger et al., 2009; Williams et al., 2007). 
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Muscular Endurance: Muscular endurance is described as “the muscle’s ability to 
continue to perform successive exertions of many repetitions” (Pescatello & ACSM, 2014, p. 
94).  Field tests such as, push-ups, curl-ups, and wall sits may be used in replace of more 
complex muscular endurance assessments including bench press or leg press. Unlike the 
bench press and leg press measurements used for muscular strength, muscular endurance 
focuses on the number of repetitions completed at a submaximal level (Pescatello & ACSM, 
2014, p. 99). Field assessments such as push-ups and curl-ups are commonly used and have 
been shown to provide appropriate representations of overall muscular endurance (McIntosh, 
Wilson, Affieck, & Hall, 1998; Suni et al., 1998). 
Flexibility 
Flexibility is the fourth component in the HRFM. This wide-encompassing activity is 
defined as ‘the ability to move a joint through its complete range of motion” (Pescatello, 
L.S., & ACSM, 2014, p. 105).  Flexibility has been found as a beneficial component of 
musculoskeletal health, specifically lower back functionality, balance, and susceptibility to 
falls (Nelson et al., 2007; Suni et al., 1998). Many assessment measures are available for this 
component including sit and reach, back scratch/shoulder flexibility, and trunk flexion. These 
measurement protocols are simple to administer and require few materials (Pescatello, L.S., 
& ACSM, 2014, p. 105-106). 
Body Composition 
Body composition is described as the distribution of body fat and lean body mass. 
Research has demonstrated body composition, specifically overweight and obesity, are 
associated with increased risk of developing chronic diseases (National Institutes of Health, 
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1998; World Health Organization, 1995). Specifically, excess adipose tissue around the 
abdomen is an independent risk factor for developing metabolic syndrome, type 2 diabetes, 
hypertension, CVD, certain types of cancer (Roger et al., 2012), and all-cause mortality 
(Danaei et al., 2009).  In addition to increased risk of chronic disease, individuals classified 
as obese or overweight are more likely to report lower health status compared to others of 
similar activity level. These lower health reports in obese or overweight individuals are 
believed to result from the chronic diseases and musculoskeletal conditions in this population 
(Doll, Petersen, Stewart-brown, & Helen, 2000). Furthermore, a combination of increased 
body weight and insufficient activity levels, result in an increased likeliness of poor self-
reported health ratings (Molarius et al., 2007).  
A number of clinical, laboratory, and field tests are used to evaluate body 
composition. Laboratory and clinical settings may rely on accurate yet expensive 
densitometry techniques such as hydrostatic (underwater) weighing and air displacement 
plethysomography (BodPod) to measure body composition. Densitometry techniques are 
regarded as the reference standards to assessing body composition. Hydrostatic weighing is 
understood as accurate measurement for assessing body composition (Pescatello & ACSM, 
2014, p. 72). However, this protocol requires detailed methodological requirements such as 
an indoor pool, significant technical expertise, and is limited for some populations (unable to 
assess in children, elderly, and obese). The BodPod is also considered a highly reliable 
measurement of body composition and unlike hydrostatic weighing, this protocol is not 
limited to certain populations and requires little to no technical expertise. This method does 
require the purchase of an expensive air displacement plethysomography chamber (Vescovi, 
Zimmerman, Miller, Hildebrandt, Hammer, & Fernhall, 2001). Both assessments directly 
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measure body fat content by looking at the displacement of either air or water in the 
designated assessment chambers and then calculates body density with various equations 
(Luecken & Gallo, 2008, p. 268).  
Common field tests to estimate body composition include body mass index (BMI= 
weight in kg/height in m2), circumference and skinfold measurements, and bioelectrical 
impedance analysis (BIA) (Pescatello & ACSM, 2014, p. 62-70).  BMI is regarded as the 
most basic estimation of body composition, yet still predicts hypertension, CVD (Poirier et 
al., 2006), type 2 diabetes, certain types of cancer, and mortality (Gale, Martyn, Cooper, & 
Sayer, 2007; Katzmarzyk, Church, Craig, & Bouchard, 2007). However, BMI calculations 
are limited and fail to distinguish between adipose tissue, muscle mass, or bone mass 
(Romero-Corral et al., 2008). Circumference and skinfold measurements are commonly used 
to evaluate fat distribution. Waist circumference measures have shown stronger association 
with mortality from CVD, cancer, and other causes compared to BMI (Leitzmann et al., 
2011). Each of these measurements requires minimal equipment (tape measure and skinfold 
caliper) but successful assessments rely on the accuracy of the technician (Luecken & Gallo, 
2008, p. 268-272). Lastly, BIA is a common body composition assessment used in health and 
fitness testing (Pescatello & ACSM, 2014, p. 72). This system functions by introducing a 
minimal current into the body to measure resistance and reactance. Prediction equations are 
then utilized to calculate percent body fat using height, weight, gender, and 
resistance/reactance variables (RJL Systems, 2013). BIA requires additional equipment, but 
this system provides an accurate representation of body composition (Pescatello & ACSM, 
2014, p. 72). BIA prediction equations estimate body composition values similar to those of 
hydrostatic weighing, which suggest BIA can accurately predict relationships between body 
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composition and the development of hypertension and cardiac mortality (Cooper et al., 
2000).  
Because body composition is one of the five markers of fitness within the HRFM, the 
impact of body composition on overall health is diluted. Regardless of the debate 
surrounding the specific impact of weight on health status, the incorporation of body 
composition into this health assessment tool provides a wide-encompassing indicator of 
health (Duncan, 2010; Hainer, Toplak, & Stich, 2009). While physical activity participation 
may attenuate the negative effects of BMI or excessive adipose tissue (Boule, Bouchard, & 
Tremblay, 2005; Blair & Brodney, 1999), including both body composition and fitness data 
into the HRFM recognizes this finding. 
Health-Related Fitness Measures 
The HRFM has been used to evaluate how fitness categories relate to perceived 
health and various musculoskeletal markers. Suni and colleges (1998) selected a fitness 
assessment protocol to evaluate the five markers of health-related fitness in middle aged 
adults. The protocol measured cardiorespiratory fitness (2 kilometer walk test), muscular 
strength (one-leg squat), muscular endurance (static back extension), flexibility (trunk side-
bending and knee extension), and body composition (BMI). An overall fitness score or 
categorization was not generated, but three fitness categories were determined for each 
fitness marker based on age, gender, and participant results. Participants falling within the 
lower 20% were categorized as “low-fit”, 20-60% as “mid-fit”, and 60-100% as “high-fit”. 
An overall fitness score or categorization was not generated. Odds ratios were then used to 
evaluate the relationships of fitness classifications against self-reported health outcomes. 
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Positive perceived health was associated with cardiorespiratory fitness (VO2 and walk test), 
one-leg squat, and BMI for both males and females. Through age-adjusted correlations, test 
protocols were shown to be interrelated with one another (Suni et al., 1998).  
In addition to perceived health, health-related fitness has also been compared to self-
reported QOL within post-menopausal women. Fitness was assessed by cardiorespiratory 
fitness (step-test), muscular strength (grip strength and back strength), muscular endurance 
(sit-ups), flexibility (sitting trunk flexion and trunk extension), and body composition (BMI). 
The protocol included two additional fitness measures; agility (reaction time and side steps) 
and balance (closed-eye foot balance). Both measures of muscular strength (grip strength and 
back strength) were positively correlated with agility and flexibility. Additional correlations 
showed self-report QOL had positive association between muscular endurance, muscular 
strength, agility, and flexibility while a negative association was seen with balance. Multiple 
linear regression analysis suggested back strength was a strong predictor of QOL within post-
menopausal women (Hsu et al., 2014). The model did not assess overall health-related 
fitness, but it provided insight of associations between fitness markers and self-report QOL in 
post-menopausal women. 
 More recent studies have utilized individual markers of the HRFM to understand the 
relationships between fitness, mental health, and motor skill competence in young adults. A 
group of 228 college students completed mental health surveys, various questionnaires, and 
physical fitness assessments including cardiorespiratory endurance (20 minute shuttle run), 
muscular endurance (sit-ups and push-ups), muscular strength (digital squeeze 
dynamometer), flexibility (sit and reach), and body composition (BMI). Statistically 
significant differences were seen between males and females for cardiorespiratory fitness, 
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muscular endurance, and muscular strength. Correlations between health-related fitness and 
mental health were further examined using linear regression models. This analysis found that 
muscular strength, muscular endurance, and cardiovascular fitness exhibited both positive 
and negative correlation with various mental health markers whereas BMI and flexibility did 
not (Jeoung, Hong, & Lee, 2013).   
Another study of young adults aged 18-25 years examined cardiorespiratory fitness 
(12 minute run/walk), muscular strength (handgrip dynamometers and maximum leg press), 
muscular endurance (curl-ups), flexibility measurements (sit-and-reach), and body fat 
percentage (three-site skinfold) relative to motor skill competence measured by ball speeds 
during throwing and kicking activities and a maximum jumping distance test. Factor analyses 
suggested cardiorespiratory fitness, muscular strength (grip and leg strength), muscular 
endurance, and body composition had moderate to strong positive correlations with one 
another. The positive correlations suggest cardiorespiratory fitness, muscular strength (grip 
and leg strength), muscular endurance, and body composition best represented health-related 
fitness for the population. However, the factor analysis did not include flexibility and 
therefore does not represent the original health-related fitness markers suggested by 
Bourchard and Shephard (1994). Multiple regression analysis suggested participant scores in 
jumping, kicking, and throwing accounted for 79% of the variance within fitness scores. As a 
result, researchers concluded that motor skill competence is a significant predictor of 
physical fitness performance (Stodden, Langendorfer, & Roberton, 2009) 
Abadie (1988) utilized health-related fitness markers to validate a 12 question survey 
assessing perceived physical fitness. Correlations compared the results of a perceived 
physical fitness survey to the five markers of health-related fitness. Results showed the 12 
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question survey was positively correlated with participant’s cardiorespiratory fitness 
(submaximal cycling assessment), muscular strength (bench press test), flexibility (modified 
sit-and-reach), and body composition (skinfold measurement); however, the survey did not 
correlate with muscular endurance assessments and therefore the complete HRFM (Abadie, 
1988).  
A more recent study utilized health-related fitness markers to validate a physical 
fitness survey for older adults. Keith, Stump, and Clark (2012) compared a self-report survey 
(SRFit) against seven fitness measures presented in the Senior Fitness Test. The Senior 
Fitness Test is a validated protocol to measure cardiorespiratory fitness (6 minute walk test), 
muscular strength (arm curls), muscular endurance (chair stand), and flexibility (back scratch 
and chair sit and reach) in older adults (Rikli & Jones, 2001).  However, this test procedure 
does not include body composition assessments and as a result, researchers used BodPod 
measurements to compare body composition to the SRFit survey. The SRFit survey consisted 
of 22 questions that corresponded to various fitness tests; upper body strength and endurance 
(three questions), lower body strength and endurance (three questions), upper body flexibility 
(six questions), lower body flexibility (four questions), cardiovascular fitness (three 
questions), and body composition (three questions). For example, lower body endurance was 
evaluated with the question “How many times do you think you can move from a seated to a 
standing position without using your arms in 30 seconds?” Correlations were run between 
fitness measure results and surveys; results indicated the SRFit survey positively correlated 
with each fitness measure within the Senior Fitness Test. Consequently, the SRFit Survey 
appeared to be a valid indicator or fitness in older adult populations (Keith, Stump, & Clark, 
2012). However, this health-related fitness assessment is limited based on the population age 
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of 40 years or older and the reliance on expensive BodPod measurements. BodPod 
measurements are not commonly used outside of laboratory settings because of its substantial 
expense (Luecken & Gallo, 2008, p. 268).   
These studies demonstrate the variation of fitness measurements used to assess 
health-related fitness status in adults. As previously mentioned, correlations, multiple 
regression analyses, and factor analyses are oftentimes used to understand the relationship of 
individual makers of health-related fitness to QOL and perceived fitness surveys, as well as 
mental health and motor skills. However, little research has utilized the five markers of 
health-related fitness to create an overall fitness score or categorization. A recent study 
developed an “index of physical fitness age” based on various fitness markers specific to 
older adults. Longitudinal data of five markers of fitness for older men and women were 
incorporated into a multivariate equation developed to create an “index of physical fitness 
age”. The five fitness markers of aging consisted of “10-minute walking time, functional 
reach, one leg stand, vertical jump, and grip strength”; and represented balance, flexibility, 
muscular strength, muscular endurance, and agility. This equation provides estimations of 
overall fitness age, and is reflective of adults over the age of 60 years (Kimura, Mizuta, 
Yamada, Okayama, & Nakamura, 2012). Although the model does not address the health-
related fitness model; it utilizes exclusive physical fitness markers appropriate for the 
population, creates inclusive fitness values, and provides guidance for developing an index to 
assess overall fitness.  
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CHAPTER III 
METHODOLOGY 
 
Worksite Wellness Program 
Data for this project was collected through an Extension and Outreach Worksite 
Wellness Program (WWP).  This project incorporated a questionnaire and fitness scoring 
system in addition to physical activity educational modules. The Human Subjects 
Institutional Review Board at Iowa State University inspected and approved all protocols 
prior to the WWP implementation (Appendix A). All study procedures followed HIPPA 
guidelines, ensuring participant’s privacy and confidentiality throughout the duration of the 
program.  
Participant Recruitment 
 Three Iowa-based manufacturing and processing companies were recruited through 
the Center for Industrial Research and Services unit of Iowa State University Extension and 
Outreach. Each of the three companies were similar in size with 240 to 300 employees, had 
three shift times, and employed primarily blue-collar workers. Two companies resided in 
rural communities and one was located in a metropolitan area. 
Through company emails, promotional meetings, and /or payroll flyers, each of the 
three worksites offered participation in the WWP to all company employees with a target of 
recruiting 60 participants. Recruitment efforts promoted the initial component of the WWP; 
an on-site Health Risk Appraisals (HRA) comprised of various health measurements. 
Monetary compensation was not provided to participants, but they were informed of the $100 
value of the HRA. 
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Health Risk Appraisal 
Protocol 
Prior to the baseline HRA, each participant was instructed to arrive fasted (8-12 hours 
prior) and in comfortable clothing. Additionally, each participant was required to complete 
an informed consent before beginning the HRA (Appendix B).  The HRA consisted of nine 
stations entailing various surveys, heart rate, blood pressure, blood work, height, weight, 
waist and hip circumference, and physical fitness assessments. This project focused 
specifically on survey data and fitness assessment results. Surveys collected demographic 
information, medical and family history, as well as health and physical activity perceptions.  
Fitness assessments measured the five components of the health-related fitness model 
(HRFM): body composition, cardiorespiratory health, muscular strength, muscular 
endurance, and flexibility. Simple fitness measurement techniques (i.e. wall sit and three 
minute step test) were chosen over complex assessment strategies (i.e. bench press and 
graded exercise testing) based on ease of administration. 
Research Team 
The HRA research team consisted of a number of faculty, staff, 
graduate/undergraduate students, and Extension and Outreach Field Specialists from Iowa 
State University. Prior to data collection, all volunteers completed Human Subjects Training.  
The primary investigator and graduate student trained each member of the research team on 
procedures for each HRA station. The primary investigator and graduate student were 
available during each HRA to answer questions on the administration of station protocols and 
affiliated documentation. 
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Surveys 
Participants began the HRA by completing a number of surveys. These surveys 
included: modified Healthways survey (Gallup-Healthways, 2014) and validated 
questionnaires assessing physical activity (Jurca et al., 2005),  satisfaction with life (Diener 
& Emmons, 1985), healthy food , exercise, and general self-efficacy scales (Schwarzer & 
Luszcyzynska, 1997; Schwarzer, & Renner, 2000; Coyne & Smith, 1991). A short three 
question survey was additionally administered to assess health perceptions. Two questions 
from the Twin Cities Walking survey were used to measure quality of life and perceptions of 
physical activity benefits (Forsyth, Oakes, & Schmitz, 2009). A third question was developed 
for this research project to examine participant’s opinion regarding indicators of health status 
(Appendix C).  
Blood Pressure and Heart Rate 
Blood pressure and pulse measurements were recorded using the Omron Elite 7300W 
advanced upper arm blood pressure monitor. Protocols were derived from both the Omron 
Instruction Manual and the American Heart Association. After participants sat for a 
minimum of 10 minutes, duplicate measurements were taken and averaged (Omron 
Instruction Manual, 2014; Bennett et al., 2013). Standards provided by the American College 
of Sports Medicine (2009) were used to determine blood pressure categorizations. 
Biochemical Blood Analysis 
Participant total cholesterol, triglycerides, high density lipoprotein (HDL), non-HDL, 
and blood glucose were obtained in mg/dL using the Cholestech LDX® (Alere™ San Diego, 
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Inc., 2011/03). Values for low density lipoprotein (LDL) and LDL/HDL ratio were 
calculated by the Chelestech LDX® system (Alere™, 2011). 
Body Composition 
A portable Bioelectrical Impedance Analysis (BIA) Quantum II (RJL Systems, 
Clinton Township, Michigan) was used to assess participant’s body composition. This 
system functions by introducing a minimal current into the body to measure resistance and 
reactance. Prediction equations were utilized to calculate body fat using height, weight, 
gender, and resistance/reactance variables. BIA results were used to classify participants as 
underweight, healthy, overweight, or obese (RJL Systems, 2013).  
Cardiorespiratory Fitness 
The YMCA three minute step-test protocol was used to assess cardiorespiratory 
fitness. Participants completed the three minute test using a 12 inch stool and audio cadence 
of 96 beats per minutes. Participants were asked to be seated immediately following the test 
while a research team member measured their heart rate for one minute using the carotid 
artery. YMCA normative tables based on age and gender were used to categorize participants 
as excellent, good, above average, average, below average, poor, or very poor (Golding, 
Myers, & Sinning, 1989). 
Muscular Strength  
The Jamar® Hydraulic Hand Dynamometer was utilized to assess muscular strength 
(Sammons Preston Rolyan, Bolingbrook, Illinois). Research team members followed 
manufacturer’s protocol and instructed participants to complete four measures on each hand, 
alternating hands between measures. Each participant was instructed to adjust the grip bar so 
the second joint of their fingers rested over the handle of the handgrip dynamometer. 
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Participants were instructed to hold the dynamometer with their elbow flexed at 90° and 
squeeze as hard as possible without holding their breath (Sammons Preston Rolyan, 2014).  
Measures were recorded in pounds, averaged for each hand, and added together. 
Categorizations for muscular strength included excellent, very good, good, fair, or needs 
improvement (Heyward, 2010).   
Flexibility 
Flexibility was assessed using the open hand shoulder mobility test. This protocol 
required participants to raise one hand above their head and reach down their upper back 
with palm facing towards the body. At the same time, the other hand reached down and 
rotated around the lower back with palm facing up. The research team member measured the 
distance between the tips of each middle finger in centimeters. Negative values were 
assigned if fingers did not meet. If the participant’s fingers did not align in a measurable 
form, a straight surface (i.e. paper) was used to extend the horizontal line from the tip of the 
finger on the lower hand to a point under the fingers on the top hand. Once a horizontal line 
was determined, the research team member measured up the length of this space. 
Measurements were repeated three times on each side and averaged. Normative tables based 
on age and gender categorized mobility as excellent, good, fair, or low (Shoulder Mobility 
Test, 2014; Morrow, Jackson, Disch, & Mood, 2011). 
Muscular Endurance 
 Muscular endurance was the final fitness measure assessed using a wall-sit protocol. 
Prior to measurement, research team members guided participants through proper wall-sit 
technique. All participants were instructed to begin with their backs against the wall, feet 
shoulder width apart, and arms at their sides. A line was provided two feet from the wall to 
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designate participant heel distance. Once in position, participants slid down the wall until 
their thighs were parallel to the ground forming a 90 degree angle at their knees. Research 
team members ensured participant’s knees were directly above their ankles to prevent joint 
strain. Participants were asked to hold the wall-supported squat as long as possible. The wall 
sit assessment was repeated four times. During each of the four rounds, participants were 
informed and able to stop if they exceeded maximal time for their gender (males=100 
seconds; females=60 seconds). Thirty seconds was provided between assessments to ensure 
participants received adequate rest time. The times of the four assessments were averaged 
and participants were categorized as excellent, good, average, below average, or very poor 
(Topend Sports, 2014). 
Results  
Assessment data gathered at each station was collected on a single form for each 
participant (Appendix D & E). Each participant was assigned an identification number at the 
first station. This number was placed on each of the participant’s data collection forms to 
ensure de-identification protocols were met. Following HRA, individualized feedback was 
provided to all participants (Appendix F). 
Disease Risk 
 The Adult Treatment Panel III (ATP III) was used to reference various risks 
associated with both coronary heart disease (CHD) and metabolic syndrome. CHD risk 
analysis from ATP III included; percent risk for developing CHD within the next 10 years, 
number of CHD risk factors, risk level of developing CHD, LDL level, and need for LDL 
lowering medication. Metabolic syndrome evaluations included; number of metabolic 
syndrome signs and having one, two, or more risk factors. Specifically, participant’s 10 year 
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risk for developing CHD was assessed using the Framingham Point Scores within the ATP 
III reference guide. Framingham Point Scores analyzed age, total cholesterol, smoking status, 
HDL, and systolic blood pressure to determine each participants risk percentage of 
developing CHD within the next 10 years (Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults, 2001). 
Fitness Scoring System 
 Two scoring systems were examined in order to develop a fitness scoring system that 
was simple to assess and equally weighted each component of fitness. Initial efforts utilized 
percentile rankings from normative tables for each of the health-related fitness measures. 
However, this system was ineffective because the muscular endurance assessment used in 
protocol did not provide percentile classifications with the normative tables. Additionally, the 
percentile distributions for each assessment measurement varied, presenting a number of 
inconsistencies within the protocol. 
  A categorical method was utilized to develop the fitness scoring system. Each of the 
five health-related fitness measures provided a normative categorization table with a middle 
or “average” category (Appendix G). This “average” category served as the foundation for 
determining the overall fitness scoring system. This categorical fitness scoring system 
utilized a “pass or fail” system and assigned points based on whether participants  met or did 
not meet the “average” category on the normative tables. For each of the five categories, 
participants were either assigned a score of 1 (scored at or above average) or 0 (below 
average). Scoring distributions for each fitness measurement were: 
 
26 
 
Cardiorespiratory Fitness: YMCA Step Test (Golding, Myers, & Sinning, 1989) 
 “1” – Excellent, Good, Above Average, or Average 
 “0” – Below Average, Poor, or Very Poor 
Muscular Strength: Jamar® Hydraulic Hand Dynamometer (Heyward, 2010)  
 “1” – Excellent, Very Good, or Good 
 “0” – Fair or Needs Improvement 
Muscular Endurance: Wall-Sit (Topend Sports, 2014) 
 “1” – Excellent, Good, or Average 
 “0” – Below Average or Very Poor 
Flexibility: Open Hand Shoulder Mobility Test low (Shoulder Mobility Test, 2014) 
 “1” – Excellent or Good 
 “0” – Fair or Low 
Body Composition: BIA Quantum II MODEL (RJL Systems, 2013) 
 “1” – Healthy 
 “0” – Underweight, Overweight, or Obese 
 
Incomplete measurements due to non-participation (physician or participant request) 
or the inability to complete measurement were considered to fail the assessment, receiving 0 
points. Following the individual category scoring, the five scores were totaled resulting in an 
overall fitness score ranging from 0 to 5.  
Data Analysis 
Data was analyzed using the IBM Statistical Package for the Social Sciences (SPSS) 
(SPSS IBM Inc., version 21, New York, U.S.A.). Significance was set at p<0.05 and 
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imputation was not provided for incomplete or blank results within the survey portion of the 
study. Incomplete fitness assessments were given a score of 0. Data was analyzed using 
frequencies, Spearman correlations, Chi-Square analysis, One-way analysis of variance 
(ANOVA) with Tukey’s post hoc, Mann-Whitney U and Kruskal-Wallis non-parametric 
tests, and multivariate likelihood analysis modeling. MATLAB R2007A (MathWorks, 
Natick, MA) was used to evaluate the Likelihood analysis. 
Statistical Analysis for Manuscript One  
Spearman correlations examined relationships between the overall pass/fail fitness 
score, normative categorizations of individual fitness markers, and QOL. Mann-Whitney U 
and Kruskal-Wallis non-parametric tests examined gender distribution differences as well as 
self-report QOL distribution differences by fitness categorizations.  
Statistical Analysis for Manuscript Two  
Spearman correlation analysis examined overall pass/fail fitness, individual fitness 
markers, and biometric measure associations. Analysis of variance (ANOVA) with Tukey’s 
post hoc evaluated raw biometric measures (n = 7) by overall pass/fail fitness score and 
individual fitness score normative categorizations. Bonferonni adjustments were made for 
multiple comparisons resulting in an overall experimental error rate of 0.007. Pearson chi-
square analysis evaluated significant differences between individual fitness markers 
(pass/fail) and biometric measures (desirable/undesirable). Likelihood modeling estimated 
the predictive significance of overall pass/fail fitness score and individual fitness 
categorizations relative to risk factors for CHD and metabolic syndrome.  
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CHAPTER IV 
MANUSCRIPT ONE: A PASS/FAIL SCORING SYSTEM TO EXAMINE OVERALL 
HEALTH-RELATED FITNESS AND QUALITY OF LIFE 
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Department of Food Science and Human Nutrition, Iowa State University, Iowa, USA 
A paper to be submitted to the Journal of Preventative Medicine 
 
Abstract 
Objectives 
The present study developed an overall pass/fail fitness score based on normative 
categorization tables and examined the relationships between overall fitness and normative 
fitness categories against self-reported quality of life (QOL). 
Methods 
Health risk appraisals were conducted at three midwest processing and manufacturing 
companies. Demographic, health-related physical fitness measures, and self-reported QOL 
information were gathered. Overall pass/fail fitness scores ranging from 0 to 5 were 
developed based on a pass/fail fitness scoring system that utilized normative categorization 
tables from the five health-related fitness measures. Overall pass/fail fitness scores were 
analyzed against self-report QOL using descriptive statistics, spearman correlations, and non-
parametric tests. 
Results 
A total of 176 participants between the age of 20 and 76 years participated in the 
health risk appraisal. Participants demonstrated fairly low overall fitness scores (81.8% 
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falling within the lowest three categories) and self-reported QOL.  The overall pass/fail 
fitness score reflected individual fitness markers through significant positive correlations and 
gender distributions (p < 0.05). Non-parametric tests demonstrated similar QOL distributions 
against overall pass/fail fitness scores and various fitness markers (cardiorespiratory 
endurance, muscular strength, and flexibility). On the other hand, body composition and 
QOL presented a negative correlation (r = -0.27; p < 0.01) and significantly different 
distribution (p < 0.05) demonstrating increasing body fat percentage relates to decreased 
QOL. 
Conclusion 
Results of this study suggested an overall pass/fail fitness scoring system could 
inclusively reflect individual fitness markers. Also, evaluating health-related fitness as a 
single fitness score may be a positive outlet in understanding the relationship between overall 
health-related fitness and QOL.  
 
Keywords: health-related fitness, quality of life, worksite wellness 
 
Introduction 
For over 50 years, health has been understood as “a state of complete physical, 
mental, and social well-being”1.  Regrettably, the health of individuals in the United States 
(U.S.) has been declining, evident by the increase in preventable chronic diseases such as 
cardiovascular disease (CVD), diabetes, overweight and obesity, as well as certain types of 
cancer2. The increasing rates of chronic diseases result from four modifiable health risk 
behaviors - insufficient physical activity, tobacco use, unbalanced nutrition, and excessive 
alcohol consumption3.  
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Participating in physical activity has been shown to reduce the risk of developing 
chronic diseases4 and independently presents a number of health benefits regardless of 
intensity5. Physical activity participation is also positively related to self-report health status; 
specifically health-related quality of life (QOL)6. Health-related QOL is understood as “a 
uniquely personal perception, representing the way that individuals feel about their health 
status”. Both self-reported health and health-related QOL have exhibited dose-response 
relationships with physical activity level6, 7.  Due to the dose-response relationship, 
increasing activity levels decreases musculoskeletal limitations, and in turn, improves overall 
health and health-related QOL8. The increased musculoskeletal limitations found within 
individuals with low activity levels likely results in the inability to participate in desired 
activities and decrease health-related QOL9.  
The observed relationships between physical activity, chronic diseases, and self-
report health status inspired the development a comprehensive model, which identifies the 
components of physical fitness promoting health - the Health-Related Fitness Model 
(HRFM)10. The HRFM incorporates cardiorespiratory fitness, muscular strength, muscular 
endurance, flexibility, and body composition into a model that collectively represents 
positive health10. Health-related fitness is accepted by the American College of Sports 
Medicine (ACSM) to “have a strong relationship with overall health, and is associated with a 
lower prevalence of chronic disease and health conditions and their risk factors”11.  
In addition to the previously discussed relationships between self-report QOL and 
physical activity participation, individual health-related fitness markers are also related to 
health-related QOL. Both cardiorespiratory and resistance training have exhibited positive 
relationships with improved health-related QOL12. Individuals classified as obese or 
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overweight are more likely to report lower health status compared to others of similar activity 
level due to higher rates of chronic disease and musculoskeletal limitations13.  
Theoretically, individual and collective assessment of each component of the HRFM 
would provide a thorough understanding of how physical fitness and body composition 
influence health10. However, the five markers of health-related fitness have not been 
assimilated into an singular score. Rather, individual health-related fitness markers have been 
utilized within a large array of studies to evaluate relationships with various health markers14, 
15, 16 and serve as a reference for developing and validating self-reported fitness measures17, 
18. Many strategies such as bivariate correlations17 and factor analysis16 have been used to 
demonstrate the associations between multiple fitness measures. Additionally, correlations 
between various fitness measures and health markers (i.e. motor skills, mental health, QOL) 
are often used to examine the relationship between fitness markers and health status15, 16, 19. 
However, the limitation to these methods is they do not combine each marker into an overall 
score, but simply generalize conclusions from individual relationships. 
 Recently, an “index of physical fitness age” was created from longitudinal fitness 
data to associate individual markers of fitness to generate an overall “physical fitness age” 
via a multivariate equation20. This multivariate equation did not utilize health-related fitness 
measures; rather it utilized fitness markers indicative of the aging process. While the study 
does not explicitly assess health-related fitness, it supports the notion that a variety of fitness 
measures could be incorporated into an overall fitness value. 
Currently, there is no “index of overall fitness” available to inclusively assess fitness and 
health status. The objective of this study was to develop an overall fitness score based on the 
components of the HRFM and examine this score relative to the individual fitness measures, 
gender, and self-reported QOL.  
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Methods 
Participant Recruitment 
Data for this project was collected through an Extension and Outreach Worksite 
Wellness Program (WWP) with the addition of a QOL questionnaire. Three Midwest 
manufacturing and processing companies participated in a twelve month WWP. Each of the 
three companies were similar in size with 240 to 300 employees, had three shift times, and 
employed primarily blue-collar workers. Each had the target of recruiting 60 participants and 
recruitment measures included company emails, promotional meetings, and /or payroll flyers.  
Procedure 
All WWP protocols were reviewed and approved by the Human Subjects Institutional 
Review Board of the affiliated university. After completing written informed consents, 
participants completed a Health Risk Appraisal (HRA) consisting of nine stations with 
various surveys collecting demographic and medical information21, self-reported QOL22, and 
physical fitness assessments. 
Physical fitness assessments were performed on all participants and measured the five 
components of the HRFM; body composition, cardiorespiratory fitness, muscular strength, 
muscular endurance, and flexibility. Simple fitness measurement techniques (i.e. hand grip 
and 3-minute step test) were chosen over complex assessment strategies (i.e. bench press and 
graded exercise testing) based on ease of administration and relocation ability. Previously 
established protocols were utilized for each of the markers of health-related fitness. Health-
related fitness measures and their corresponding protocols were as follows: cardiorespiratory 
fitness  (3-minute step test)23, muscular strength (Jamar® Hydraulic Hand Dynamometer; 
Sammons Preston Rolyan, Bolingbrook, Illinois)24, muscular endurance (wall-sit)25, 
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flexibility (shoulder mobility test)26, and body composition (Bioelectrical Impedance 
Analysis (BIA) Quantum II) (RJL Systems, Clinton Township, Michigan)27.  
Fitness Scoring System 
Each of the five health-related fitness measures provided a normative categorization 
table based on age and gender that included a middle or “average” category. The standard for 
implementing the “pass or fail” system was based on whether the “average” category was 
met or not. For each fitness measure, a score of 1 (at or above average) or 0 (below average) 
was assigned. The overall fitness scoring protocol was completed as follows: 
Cardiorespiratory Fitness: YMCA 3- Minute Step Test23 
 “1” – Excellent, Good, Above Average, or Average 
 “0” – Below Average, Poor, or Very Poor 
Muscular Strength: Jamar® Hydraulic Hand Dynamometer24 
 “1” – Excellent, Very Good, or Good 
 “0” – Fair or Needs Improvement 
Muscular Endurance: Wall-Sit25 
 “1” – Excellent, Good, or Average 
 “0” – Below Average or Very Poor 
Flexibility: Open Hand Shoulder Mobility Test26 
 “1” – Excellent or Good 
 “0” – Fair or Low 
Body Composition: BIA Quantum II23, 27 
 “1” – Healthy 
 “0” – Underweight, Overweight, or Obese 
 
This pass/fail fitness scoring system was developed to create an overall fitness score 
that equally weighed each component of fitness.  Incomplete measurements due to non-
participation (physician or participant request) or the inability to complete the measurement 
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resulted in a score of 0. After completing the pass/fail scoring for each of the five fitness 
measures, scores were totaled, resulting in overall pass/fail fitness scores ranging from 0 to 5.  
While physical activity and physical fitness hold two distinct definitions28, it has been 
found that physical activity participation leads to improved health-related fitness29. As a 
result, physical fitness measures will be considered a proxy of physical activity throughout 
this manuscript. 
When creating figures for the independent physical fitness markers, categories were 
displayed with the lowest category on the left and the best on the right. Body composition 
categories were organized to reflect a similar pattern. 
Statistical Analysis 
Data was analyzed using the IBM Statistical Package for the Social Sciences (SPSS) 
(SPSS IBM Inc., version 21, New York, U.S.A.)30. Significance was set at p < 0.05 and 
imputation was not provided for incomplete or blank results within the survey portion of the 
assessment. Incomplete fitness assessments resulted in a failing score of 0. Non-parametric 
tests (Mann-Whitney U and Kruskal-Wallis) were used to examine gender distribution 
differences and fitness categorizations relative to self-report QOL. Spearman correlations 
were used to examine the relationship between the overall pass/fail fitness score, the 
normative categorizations of individual fitness markers, and QOL. 
Results 
A total of 176 participants completed the HRA with essentially equal gender 
distributions at 48.3% male (n = 85) and 51.7% female (n = 91). Participants’ age ranged 
from 20 to 76 years with a mean age of 40 years. The majority of participants (94.3%) were 
of white ethnicity while 96.7% of participants reported an education status of at least a high 
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school degree (Table 1). Socioeconomic status of participants was not directly assessed and 
ranged from primarily blue collar workers to administrative and professional staff.  
 Overall, participants received low scores for each of the fitness markers (Table 1). 
The majority of the participants did not ‘pass’ normative categorizations for the muscular 
endurance, flexibility, and body composition (Table 2). Mean percent body fat for both males 
and females would be considered overweight using normative categorization; 82.8% of 
participants were classified as overweight or obese. Further, 88.6% of participants had 
incomplete, low, or fair for flexibility, while 74.4% of participants had incomplete, very 
poor, or below average categorizations for muscular endurance. In contrast, 56.2% of 
participants received a ‘pass’ score in cardiorespiratory fitness as they were categorized as 
average, above average, good, or excellent using normative categorizations. Subsequently, 
the low scores from the individual fitness marker normative categorizations resulted in low 
overall pass/fail fitness scores. The majority (81.8%) of participants “passed” < 2 of the 
individual fitness markers (0-2 overall pass/fail score) (Table 2).  
 Figure 1 visually depicts frequency distributions for the normative categorizations of 
each individual health-related fitness marker and overall pass/fail fitness score. Apart from 
the fairly normal distribution seen within cardiorespiratory fitness, the frequency 
distributions for the remaining health-related fitness markers and overall pass/fail fitness 
score displayed a right skewed pattern, with the majority of frequencies falling within lower 
categorizations. Kruskal-Wallis analysis suggests the overall pass/file fitness score 
distribution was significantly different than each of the individual health-related fitness 
marker categorizations. This suggests the overall pass/fail fitness score provides an overall 
indication of health-related fitness independent of any one factor.   
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Examination by gender, suggests similar distribution patterns were seen for both 
individual fitness markers and overall pass/fail fitness score (Figure 2).  Mann Whitney 
independent non-parametric tests suggests significant differences in muscular strength, 
flexibility, muscular endurance, and overall pass/fail fitness distributions (p < 0.05) by 
gender. Specifically, females displayed significantly greater frequencies in the lower fitness 
categories within muscular strength, flexibility, muscular endurance, and overall pass/fail 
fitness.  
A subset participant sample (n = 117) was included for the QOL assessments. QOL 
reports demonstrate participants perceive themselves to have poor to good QOL. Nearly ¾ of 
males (72.7%) and females (74.2%) reported QOL as poor, fair, or good (Table 2). Kruskal-
Wallis nonparametric tests examined distribution differences among individual normative 
fitness categorizations, overall pass/fail fitness score, and self-report QOL. No significant 
differences in distributions were observed between QOL and muscular strength, flexibility, 
cardiorespiratory fitness and overall pass/fail fitness score (Figure 3).  A significant positive 
correlation between overall fitness pass/fail fitness score and QOL (r = 0.22; p < 0.05; data 
not shown) was observed. Significant distribution differences (p < 0.05) were observed 
between QOL and both muscular endurance and body composition. Low muscular endurance 
was not associated with low QOL; in contrast, participants with high percentages of body fat 
had lower QOL. In fact, self-report QOL had a significant negative correlation (r = -0.27; p < 
0.01; data not shown) with body composition.  
Discussion 
The majority of studies examining health-related fitness against various health 
markers have not utilized a single score to represent overall fitness. A recent study 
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determined a “fitness age score” based on seven-year longitudinal fitness results. However, 
the study did not include health-related fitness markers or take into account for genetic and 
lifestyle factors associated with physical fitness20. The present study utilized normative 
categorization tables or criterion-referenced standards based on age and gender to create an 
overall pass/fail fitness score. The scoring system also equally weighted each component of 
fitness. This methodology is similar to a previous study assessing health-related fitness to 
motor skills16, which utilized traditional normative categorization or criterion-referenced 
standard tables for each marker of health-related fitness.  
Developing a fitness scoring system that was simple to assess and equally weighed 
each component of fitness proved challenging. Initial efforts utilized percentile rankings from 
normative tables for each of the health-related fitness measures. However, percentile 
distributions associated with the normative tables varied by organization (i.e. YMCA, The 
Canadian Physical Activity, Fitness and Lifestyle Approach, etc.) and resulted in inconsistent 
percentile values. As a result, the pass/fail scoring system was developed to incorporate 
varying normative categorization tables and equally weight each marker of the HRFM. This 
scoring system resulted in an overall pass/fail fitness score that successfully reflected the 
normative categorizations of the five individual markers of health-related fitness through 
significant correlations and distribution differences. 
The significant difference in distribution by gender among three of the markers of 
health-related fitness (muscular strength, flexibility, and muscular endurance) is a bit 
concerning. Since the utilized normative categorization tables accounted for gender, the 
results suggest female participants have lower muscular strength, flexibility and muscular 
endurance compared to the male participants. This significant difference in distribution by 
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gender was also observed with the overall pass/fail fitness score, suggests it may provide a 
summative representation of the five health-related fitness markers. 
An examination of self-reported QOL and muscular strength did not demonstrate 
significantly different distributions. These results are similar to a previously reported linear 
relationship between muscular strength and QOL15. On the other hand, muscular endurance 
exhibited a significantly different distribution compared to QOL. Collectively, these two 
results suggest muscular fitness (muscular strength and muscular endurance) may not relate 
to QOL as previously suggested12.   
The significant distribution differences observed between QOL and body composition 
in the present study are similar to previous findings8, 13, where higher body fat tends to 
correspond to lower QOL. Cardiorespiratory fitness had similar distribution patterns when 
compared to QOL, supporting previous findings suggesting cardiorespiratory activity 
improves self-report QOL12. 
Previous studies have examined health-related QOL relative to individual markers of 
the HRFM12, 13, 15; however, no study has analyzed QOL with an overall health-related fitness 
score. No significant distribution differences were observed between QOL and overall 
pass/fail fitness; similar to previous research suggesting a linear relationship exists between 
QOL and physical activity participation 9, 12. This suggestion observes physical fitness as a 
proxy of physical activity participation. The current findings suggest that low overall fitness 
is associated with decreased QOL supporting previous studies suggesting increased body 
weight and insufficient activity levels, increases poor self-reported health ratings32.  
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Limitations 
With the exception of cardiorespiratory endurance, participants scored fairly low for 
each marker of health-related fitness resulting in low overall pass/fail fitness scores. These 
low fitness results may have been due to the fitness assessment protocols implemented. In 
order to provide fitness assessments that were able to relocate and easy to administer, 
validated and accepted muscular endurance assessments were not used25. The common 
limited assessment space opposed the use of either the push-up or curl up assessments and 
resulted in the wall-sit test. 
Further, the participant’s poor health-related fitness may have resulted from 
demographic location. The study population subsided in primarily rural communities and 
previous research has suggested that due to limited access to activity outlets, physical activity 
participation of rural individuals may be inferior to those within urban communities33. Thus 
the majority of individuals falling failing to ‘pass’ at least two of the individual physical 
fitness assessments (overall pass/fail score < 2) may have skewed results.  
Conclusion 
Similar correlations, frequency distributions, and gender differences between overall 
pass/fail fitness score and individual fitness markers suggest an overall pass/fail fitness 
scoring system can inclusively reflect individual markers of health-related fitness. The 
overall pass/fail fitness score exhibited similar distribution patterns and significant 
correlations with QOL, suggesting overall health-related fitness appropriately reflected QOL 
status. Additionally, various fitness markers (cardiorespiratory fitness, muscular strength, and 
flexibility) also demonstrated similar distributions with QOL, while body composition on the 
other hand displayed negative relationship and as body fat percentage increased, QOL 
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decreased. By combining the fitness measures and body composition into a single health-
related fitness model, overall pass/fail fitness score may serve as a useful tool in 
understanding overall health-related fitness and self-reported QOL.   
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Table 1. Participant demographics and health-related fitness results 
 Male Female 
Demographics % (n) % (n) 
Age   
≤30 27.1 % (23) 33.0% (30) 
31-40 28.2% (24) 16.5% (15) 
41-50 23.5% (20) 15.4% (14) 
≥51 21.2% (18) 35.2% (32) 
Ethnicity 
White 94.0% (79) 95.6% (87) 
Black 2.4% (2) 2.2% (2) 
Hispanic 3.6% (3) 2.2% (2) 
Educational Status 
Some high school or less 0.0% (0) 3.3% (3) 
High school degree 22.4% (19) 30.8% (28) 
Some college 34.1% (29) 35.2% (32) 
College graduate 37.6% (32) 29.7% (27) 
Post graduate or professional degree 5.9% (5) 1.1% (1) 
Health-Related Fitness Results % (n) % (n) 
Cardiorespiratory Fitness   
Very Poor 11.8% (10) 5.5% (5) 
Poor 8.2% (7) 6.6% (6) 
Below Average 18.8% (16) 13.2% (12) 
Average 17.6% (15) 18.7% (17) 
Above Average 11.8% (10) 18.7% (17) 
Good 15.3% (13) 9.9% (9) 
Excellent 12.9% (11) 7.7% (7) 
Muscular Strength   
Needs Improvement 20.0% (17) 45.1% (41) 
Fair 20.0% (17) 16.5% (15) 
Good 16.5% (14) 12.1% (11) 
Very Good 27.1% (23) 17.6% (16) 
Excellent 16.5% (14) 8.8% (8) 
Flexibility   
Low 62.4% (53) 82.4% (75) 
Fair 21.2% (18) 9.9% (9) 
Good 12.9% (11) 5.5% (5) 
Excellent 3.5% (3) 1.1% (1) 
Muscular Endurance   
Very Poor 25.9% (22) 37.4% (34) 
Below Average 37.6% (32) 22.0% (20) 
Average 17.6% (15) 12.1% (11) 
Good 5.9% (5) 6.6% (6) 
Excellent 4.7% (4) 4.4% (4) 
Body Composition    
Underweight 0.0% (0) 2.2% (2) 
Healthy 13.1% (11) 18.7% (17) 
Overweight 28.6% (24) 23.1% (21) 
Obese 58.3% (49) 56.0% (51) 
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Table 2. Individual pass/fail fitness categorizations, overall pass/fail fitness score 
distributions, and self-report quality of life 
 Male Female 
Pass/Fail Fitness Categorizations % (n) % (n) 
Cardiovascular Fitness   
Pass 57.6% (49) 54.9% (50) 
Fail 42.4% (36) 45.1% (41) 
Muscular Strength   
Pass 59.5% (50) 38.5% (35) 
Fail 40.5% (34) 61.5% (56) 
Muscular Endurance   
Pass 28.2% (24) 23.1% (21) 
Fail 71.8% (61) 76.9% (70) 
Flexibility   
Pass 16.5% (14) 6.6% (6) 
Fail 83.5% (71) 93.4% (85) 
Body Composition   
Pass 13.1% (11) 18.7% (17) 
Fail 86.9% (73) 81.3% (74) 
Overall Pass/Fail Fitness Score Distributions % (n) % (n) 
0 - Very Poor 10.6% (9) 22.0% (20) 
1 - Poor 32.9% (28) 35.2% (32) 
2 - Fair 36.5% (31) 26.4% (24) 
3 - Good 12.9% (11) 12.1% (11) 
4 - Very Good 5.9% (5) 4.4% (4) 
5 - Excellent 1.2% (1) 0.0% (0) 
Quality of Life % (n) % (n) 
Poor 0.0% (0) 4.8% (3) 
Fair 27.3% (15) 22.6% (14) 
Good 45.5% (25) 46.8% (29) 
Very Good 23.6% (13) 22.6% (14) 
Excellent 2.6% (2) 3.2% (2) 
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Figure 1. Frequency distributions for normative fitness categorizations and overall fitness score 
* Kruskal-Wallis non-parametric test; p < 0.01 between fitness score and each individual fitness marker 
Abbreviations: VP – very poor, P – poor, BA – below average, NI – needs improvement, L – low, F – fair, A – average, AA 
– above average, G – good, VG – very good, E – excellent, O – obese, OW – overweight, UW – underweight, H – healthy  
Figure 2. Frequency distributions for normative fitness categorizations and overall pass/fail 
fitness score by gender  Male (n = 85) Female (n = 91) 
 
* Mann-Whitney U non-parametric test; p < 0.05 between male and female 
Abbreviations: VP – very poor, P – poor, BA – below average, NI – needs improvement, L – low, F – fair, A 
– average, AA – above average, G – good, VG – very good, E – excellent, O – obese, OW – overweight, UW – 
underweight, H – healthy  
* 
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Abstract 
Background 
The five markers of health-related fitness (cardiorespiratory fitness, muscular 
strength, muscular endurance, flexibility, and body composition) have been regarded to hold 
a strong relationship with health status, specifically chronic disease development. However, 
the five markers of health-related fitness have not been compiled into a singular value to 
evaluate overall health-related fitness relative to chronic disease. 
Methods 
The study analyzed data from a health risk appraisal (HRA) at three midwest 
manufacturing and processing companies. Each HRA consisted of surveys, biometric blood 
analysis, and fitness assessments. Fitness assessments included protocols based on the five 
markers of health-related fitness. Normative categorization tables for each fitness marker 
were used to develop an overall pass/fail fitness score (0-5 points). Overall health-related 
fitness was compared against biometric measures and risk factors for coronary heart disease 
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(CHD) and metabolic syndrome. Descriptive statistics, Spearman correlations, Analysis of 
Variance (ANOVA), Pearson chi-square, and Likelihood modeling were used to evaluate the 
relationships between health-related fitness and chronic disease risk. 
Results 
A total of 176 men (48.3%) and women (51.7%), 20-76 years of age participated in 
the HRA. Poor overall pass/fail fitness scores were exhibited with 81.8% of participations 
receiving less than or equal to 2 points. The majority of participants had desirable or near 
recommended biometric values. Overall pass/fail fitness score was not related to any 
biometric measure or risk factor for CHD and metabolic syndrome. Higher percentage of 
body fat were significantly related to increased low density lipoproteins (p < adjusted α level 
of 0.007), however, no other health-related fitness marker and biometric measure were 
significant. Likelihood analysis modeling suggests normative categorizations for health-
related fitness makers influence a variety of CHD and metabolic syndrome risk factors, with 
body composition and muscular strength demonstrating the strongest predictive ability. 
Conclusion 
Developing an overall health-related fitness score based on normative categorizations 
may be an inappropriate method in predicting chronic disease. Normative categorizations for 
individual fitness markers predicted a variety of risk factors for CHD and metabolic 
syndrome, yet minimally predicted raw biometric measures associated with chronic disease. 
As a result, overall health-related fitness and normative categorizations provide incomplete 
representations of health status. 
 
Keywords: fitness, chronic disease, health status, health-related fitness 
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Introduction 
Seven of the ten leading causes of death within the United States include preventable 
chronic diseases such as type 2 diabetes, heart disease, hypertension and stroke. Together, 
these diseases account for nearly 48% of all deaths within the United States1. Rising rates of 
these chronic disease result primarily from four modifiable health behaviors - insufficient 
physical activity, tobacco consumption, suboptimal nutrition, and excessive alcohol intake2.  
Physical activity participation has been associated with decreased risk of preventable 
chronic diseases including metabolic syndrome3, cardiovascular disease (CVD,) type 2 
diabetes mellitus, hypertension, and certain types of cancer4. This has prompted efforts to 
promote participation in physical activity5. The 2008 Physical Activity Guidelines for 
Americans were developed to combat the increasing rates of chronic disease within the 
United States and promote health-related fitness6. While physical activity and physical fitness 
hold two separate definitions7, participation in physical activity leads to improved physical 
fitness6. Subsequently, physical fitness will be considered a proxy of physical activity for the 
remainder of this manuscript. 
According to the American College of Sports Medicine (ACSM), health-related 
fitness markers are understood to “have a strong relationship with overall health, and are 
associated with a lower prevalence of chronic disease and health conditions and their risk 
factors”8. Studies have shown that physical activity participation contributes to positive 
health by improving both physical fitness and body composition6. Understanding these 
relationships led to the identification of five markers of physical fitness known to positively 
influence health7, 9. The Health-Related Fitness Model (HRFM) was created as a collective 
representation of desirable health status, which included cardiorespiratory endurance, 
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muscular strength, muscular endurance, flexibility, and body composition9. Both ACSM and 
the 2008 Physical Activity Guidelines for Americans recommend individuals engage in 
activities representative of each component of the HRFM to promote positive health and 
prevent chronic disease6, 8.   
Cardiorespiratory Fitness 
Cardiorespiratory fitness has been associated with decreased CVD10, metabolic 
syndrome11, hypertension12, osteoporosis13, cancer14, and incidence of all-cause mortality15, 
16. Cardiorespiratory activity has shown to improve blood lipid profile by decreasing low 
density lipoproteins (LDL)17 and triglycerides, and increasing high density lipoproteins 
(HDL)18. Additionally, cardiovascular fitness has been shown to reduce the incidence type 2 
diabetes by decreasing fasting plasma glucose concentrations19, 20. 
Muscular Fitness 
Muscular fitness is accepted by ACSM as a collective representation of both muscular 
strength and muscular endurance8.  Studies have demonstrated engaging in activities 
associated with muscular fitness result in decreased risk factors for developing CVD, 
diabetes, certain types of cancer21, osteoporosis22, metabolic syndrome23 and mortality 
rates24. Specifically, research has shown muscular fitness leads to improvements in 
musculoskeletal health25, body composition26, total cholesterol, triglycerides27, and glucose 
tolerance22.  
Flexibility 
Flexibility has not been directly related to chronic disease, but has been regarded as a 
beneficial component of musculoskeletal health, specifically lower back functionality, 
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balance, and susceptibility to falls28, 29. Further, flexibility has been found to improve 
activities of daily living in older adults by improving functional ability30. 
Body Composition 
Body composition, specifically overweight and obesity has been associated with 
increased risk of developing chronic diseases31, 32 and all-cause mortality33, 34. Specifically, 
android fat patterning is an independent risk factor for the development of metabolic 
syndrome, diabetes, hypertension, CVD, and certain types of cancer35.  
Table 1 visually displays the five markers of health-related fitness (cardiovascular 
fitness, muscular fitness [muscular strength and muscular endurance], flexibility, and body 
composition) relative to various chronic diseases and all-cause mortality10-35. Because of 
these relationships, the HRFM is recognized by both the American College of Sports 
Medicine and the 2008 Physical Activity Guidelines as the strongest model of fitness for the 
general population8. Consequently, the HRFM has been utilized within a large array of study 
protocols to not only evaluate relationships between physical function29, 36 and mental well-
being29, 37, 38 but also serve as a reference for developing and validating self-reported fitness 
measures39, 40.  
The five markers of the HRFM are understood to best represent overall health; yet a 
collective assessment and evaluation of the HRFM has not been reported. The objective of 
this study was to assess an overall fitness score relative to CVD and metabolic syndrome 
biometric measures and risk factors.  
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Methods 
Participant Recruitment 
Data for this project was collected through an Extension and Outreach Worksite 
Wellness Program (WWP). The Human Subjects Institutional Review Board at the affiliated 
university inspected and approved all protocols prior to the WWP implementation. Three 
midwest manufacturing and processing companies were recruited through the affiliated 
university’s Extension and Outreach Service. Each of the three companies were similar in 
size with 240 to 300 employees, had three shift times, and employed primarily blue-collar 
workers. Each company offered WWP participation to all company employees with the 
target or recruiting 60 participants. Recruitment strategies included company emails, 
promotional meetings, and /or payroll flyers.  
Procedure 
After completing written informed consents, all participants took part in an extensive 
Health Risk Appraisal (HRA). The HRA consisted of nine stations with various surveys 
collecting demographic and medical information41, as well as heart rate and blood pressure 
(BP)42, 43, fingerstick blood analysis (total cholesterol, glucose, high density lipoproteins 
(HDL), low density lipoproteins (LDL), and triglycerides)44, and physical fitness markers.  
Physical fitness assessments were consistent with the five components of the HRFM. 
Simple fitness measurement techniques (i.e. wall-sit and 3 minute step test) were chosen over 
complex assessment strategies (i.e. bench press and graded exercise testing) based on ease of 
administration and mobility.  
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Cardiorespiratory Fitness 
The YMCA three minute step-test protocol was used requiring participants to step on 
a 12 inch stool at an audio cadence of 96 beats per minutes for three minutes. Participants 
were seated immediately following the test and their heart rate was measured for one minute 
using the carotid artery45. 
Muscular Strength 
The Jamar® Hydraulic Hand Dynamometer was utilized to measure muscular strength 
(Sammons Preston Rolyan, Bolingbrook, Illinois). Each participant was instructed to adjust 
the grip bar so the second joint of their fingers rested over the handle of the handgrip 
dynamometer. Participants were instructed to hold the dynamometer with their elbow flexed 
at 90° and squeeze as hard as possible without holding their breath. Four measures were 
completed on each hand and hands were alternated between each measure. Results were 
recorded in pounds, averaged for each hand, and added together46.   
Muscular Endurance 
Muscular endurance was measured using a wall-sit protocol. Participants were 
instructed to begin with their backs against the wall, feet shoulder width apart, and arms at 
their sides. Once in position, participants slid down the wall until their thighs were parallel to 
the ground forming a 90 degree angle at their knees. A line was provided two feet from the 
wall to designate proper heel distance. Research team members ensured participant’s knees 
were directly above their ankles to prevent joint strain. Participants were asked to hold the 
wall-supported squat as long as possible. The wall sit assessment was repeated four times and 
thirty seconds was provided between each measurement to ensure participants received 
adequate rest time. During each of the four rounds, participants were informed and able to 
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stop if they exceeded maximal time for their gender (males=100 seconds; females=60 
seconds). The results of the four measures were recorded in seconds and averaged47. 
Flexibility 
Flexibility was measured using the open hand shoulder mobility test. This protocol 
required participants to raise one hand above their head and reach down their upper back 
with palm facing towards the body. At the same time, the other hand reached down and 
rotated around the lower back with their palm facing up. If the participant’s fingers did not 
align in a measurable form, a straight surface (i.e. paper) was used to extend the horizontal 
line from the tip of the finger on the lower hand to a point under the fingers on the top hand. 
Once a horizontal line was determined, the research team member measured up the length of 
this space. The distance between the tips of each middle finger was measured in centimeters 
and negative values were assigned if fingers did not meet. Measures were repeated three 
times on each side and averaged48, 49. 
Body Composition 
A portable Bioelectrical Impedance Analysis (BIA) Quantum II (RJL Systems, 
Clinton Township, Michigan) was used to assess participant’s body composition. This 
system functions by introducing a minimal current into the body to measure resistance and 
reactance. Prediction equations were utilized to calculate body fat using height, weight, 
gender, and resistance/reactance variables45, 50. 
Fitness Scoring System 
Each of the five health-related fitness markers provided normative categorizations 
including a middle or “average” category. This “average” category served as the standard for 
implementing a “pass or fail” system based on whether participants met or did not meet the 
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“average” category. For each fitness marker, a score of 1 (“passed” - scored at or above 
average) or 0 (“failed” - below average) was assigned. This categorical scoring system was 
developed to create an overall fitness score that equally weighted each component of fitness. 
Incomplete measurements due to non-participation (physician or participant request) or the 
inability to complete the measurement resulted in a score of 0. Following the pass/fail 
scoring for each of the five fitness markers, scores were totaled resulting in an overall 
pass/fail fitness score ranging from 0 to 5. The pass/fail fitness scoring protocol was 
completed as follows: 
Cardiorespiratory Fitness: YMCA Step Test45  
 “1” – Excellent, Good, Above Average, or Average 
 “0” – Below Average, Poor, or Very Poor 
Muscular Strength: Jamar® Hydraulic Hand Dynamometer46 
 “1” – Excellent, Very Good, or Good 
 “0” – Fair or Needs Improvement 
Muscular Endurance: Wall-Sit47 
 “1” – Excellent, Good, or Average 
 “0” – Below Average or Very Poor 
Flexibility: Open Hand Shoulder Mobility Test low48 
 “1” – Excellent or Good 
 “0” – Fair or Low 
Body Composition: BIA Quantum II MODEL45, 50 
 “1” – Healthy 
 “0” – Underweight, Overweight, or Obese 
 
The Adult Treatment Panel III (ATP III) was used to  examine coronary heart disease 
(CHD) risks including; percent risk for developing CHD within the next 10 years, number of 
CHD risk factors, CHD risk level (level 1-4), LDL level (below or above 100 mg/dL), and 
need for LDL lowering medication. Metabolic syndrome evaluations included number of 
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metabolic syndrome signs and the number of risk factors (1, 2, and ≥3) for metabolic 
syndrome51. 
Statistical Analysis 
Data was analyzed using the IBM Statistical Package for the Social Sciences (SPSS) 
(SPSS IBM Inc., version 21, New York, U.S.A.)52. No imputation was made for incomplete 
survey data, a failing score of 0 was given to incomplete fitness assessments, and 
significance was set at p < 0.05. Spearman correlation analysis was used to examine the 
relationship between overall pass/fail fitness score, individual fitness categories, and 
biometric measures. Analysis of variance (ANOVA) with Tukey’s post hoc was used to 
examine biometric measures by overall pass/fail fitness score and individual fitness score 
normative categorizations. An overall experimental error rate of 0.007 was assigned after 
Bonferonni adjustments were made for multiple comparisons (0.05/7 = 0.007).  Pearson chi-
square was used to analyze significant differences between individual fitness categorizations 
and biometric measures. Biometric measures were categorized as either desirable or 
undesirable levels and the five markers of physical fitness were categorized as “pass” or 
“fail” using the pass/fail fitness scoring system. MATLAB R2007A (MathWorks, Natick, 
MA) was used to program and assess the Likelihood analysis. Likelihood modeling explored 
the predictive significance of overall pass/fail fitness score and individual fitness 
categorizations relative to CHD and metabolic syndrome risk factor variables. 
Results 
The HRA included 176 participants with fairly equal gender distributions of 48.3% 
male (n = 85) and 51.7% female (n = 91). Participant age ranged from 20 to 76 years with a 
mean age of 40 years. One-third of participants reported graduating from college and 94.3% 
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of participants were of white ethnicity. Few participants reported taking medications to alter 
biochemical measures. Only 2.3% and 4.0% of participants reported taking glucose 
managing medications such insulin or oral agents, respectively. Additionally, 8.5% of 
participants reported taking a cholesterol lowering medication and 14.2% reported taking an 
anti-hypertension medication (Table 2).  
Body composition classifications by both BMI and BIA appear in Table 2.The 
majority of participants fell within the obese category by both BMI (44.6%) and BIA 
(56.8%) body composition procedures. Among participants, only 19.4% were considered 
within the normal weight by BMI categorization, 16.0% of were considered healthy 
according to BIA categorization.  
The majority participants had desirable biometric values; mean blood pressure, 
cholesterol, HDL, LDL, triglycerides and glucose were near recommended levels. For 
example, 63.6% of participants had total cholesterol levels less than 200 mg/dL, 60.2% of 
participants had BP below 140/90 mm Hg, 73.4% of participants had triglycerides levels 
under 150 mg/dL, and 42.4% of participants had LDL levels at or below 100 mg/dL (Table 
2). Conversely, overall pass/fail fitness scores among participants was generally poor with 
81.8% of the population failing to pass at least two of the individual fitness markers (falling 
within the bottom three categories [0-2 points]). Poor muscular endurance, flexibility, and 
body composition scores were exhibited with 74.4%, 88.6% and 84.0% of participants failing 
(0 points), respectively (Table 3).  
Significant but weak (data not shown) correlations between individual fitness 
normative categories, overall pass/fail fitness score, and biometric measures were observed. 
Undesirable correlations were observed between body fat and diastolic BP (r = 0.23; p < 
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0.01), HDL (r = -0.17; p < 0.05), LDL (r = 0.30; p < 0.01), triglycerides (r = 0.21; p < 0.01), 
and blood glucose (r = 0.19; p < 0.05); indicating greater body fat negatively impacted these 
biometric measures. The overall pass/fail fitness score exhibited a significant negative 
correlation with cholesterol (r = -0.16; p < 0.05) and triglycerides (r = -0.28; p < 0.01) 
suggesting higher fitness leads to lower cholesterol and triglycerides. Finally, muscular 
strength exhibited a negative correlation with HDL (r = -.20; p < 0.01). 
Further examination of the seven biometric measures (systolic BP, diastolic BP, 
HDL, LDL, total cholesterol, and blood glucose) by each of the individual normative fitness 
categorizations and overall pass/fail fitness score was conducted using ANOVA.  No 
significant differences among biometrics by each of the individual normative fitness 
categories and overall pass/fail fitness score were observed (data not shown) with the 
exception of body composition (Table 4). Participants classified as obese exhibited a 
significantly higher LDL level than those classified as healthy (p < adjusted α level of 0.007).   
Chi-square analysis was performed on biometric risk factors and individual fitness 
markers based on desirable/undesirable and pass/fail classifications, respectively. Significant 
differences between muscular endurance and total cholesterol (χ2= 4.28, p < 0.05; data not 
shown) suggests participants who “failed” the muscular fitness analysis continued to exhibit 
total cholesterol within recommended levels (<200 mg/dL).  
ATP III risk factors for CHD and metabolic syndrome were examined relative to 
individual fitness marker categorizations and overall pass/fail fitness score (Table 5). 
Likelihood models were used to generate predictive associations of individual fitness marker 
categorizations and overall pass/fail fitness scores with CHD risk level, LDL level, need for 
LDL medication, signs of metabolic syndrome, and > 1, > 2, or > 3 risk factors for metabolic 
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syndrome. The overall pass/fail fitness score did not predict any significant association with 
the various CHD or metabolic syndrome risk factors. Muscular strength and body 
composition had the greatest number of significant predictive associations with CHD and 
metabolic syndrome risk factors. Muscular strength significantly predicted associations with 
CHD risk level, as well as > 1 and > 2 metabolic syndrome risks. Body composition had a 
predictive association with LDL level, number of signs, as well as > 3 risks for metabolic 
syndrome. In addition, cardiorespiratory fitness showed significant predictive ability towards 
the need to LDL medication and metabolic syndrome risk factors ≥ 3. Flexibility only served 
as a predictive health-related fitness marker for LDL level. Lastly, muscular endurance 
significantly predicted associations with LDL level and metabolic syndrome risk factors ≥ 3.  
Discussion 
Biometric Measures 
Participants of this study exhibited a unique combination of poor physical fitness yet 
normal/desirable biometric results. Specifically, individuals had undesirable body 
composition by BIA and BMI with 56.8% and 44.6% of the population classified as obese, 
respectively. This exceeds the national adult average of 34.9%53. Further, participants 
demonstrated poor overall pass/fail fitness scores with less than 20% of the population 
‘passed’ at least three of the five individual health fitness markers (3-5 points overall 
pass/fail fitness score). Conversely, participants exhibited fairly desirable biometric results 
with means falling at or below desirable levels for triglycerides, cholesterol, LDL, and blood 
glucose. The remaining biometric averages (systolic BP, diastolic BP, and HDL) also fell 
within the recommended ranges. 
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No significant differences among the biometric measures were observed when 
examined by overall pass/fail fitness score. However, higher overall pass/fail fitness scores 
had a significant negative correlation with cholesterol and triglyceride values.  These results 
neither support nor refute previous findings that physical activity participation improves 
blood lipid profiles54 since the current study used physical fitness markers as a proxy for 
physical activity. Current results also suggest summation of normative physical fitness 
marker categorizations into an overall fitness score may be an insufficient predictor of 
chronic disease. 
Apart from body composition, normative categorizations of individual fitness markers 
did not detect differences among the biometric measures. Participant’s categorized as obese 
had significantly higher LDL levels than participants within the healthy body composition 
categorizations. Further, body fat exhibited significant undesirable correlations where higher 
body fat was associated with increased diastolic BP, LDL, triglycerides, and blood glucose in 
addition to decreased HDL levels. These findings support previous studies which concluded 
obesity is independently related to increased BP, abnormal lipid levels35, and increased blood 
glucose from hyperinsulinemia55.  
Previous studies have suggested cardiorespiratory and muscular fitness improve 
blood lipid profile by decreasing LDL17, 56 and total cholesterol18. This relationship was not 
observed in the current study. However, a significant negative correlation was observed 
between muscular strength and HDL (r = -.20; p < 0.01), which contradicts previous 
studies18, 56; suggesting higher muscular strength was associated with higher HDL. 
Similarly, blood glucose levels did not differ by individual normative fitness marker 
categorizations. This finding is also in contrast to previous findings where muscular fitness22 
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and cardiovascular fitness19 have resulted in improved glucose control while high visceral fat 
deposition impaired glucose control55. However, it should be noted body fat in the current 
study was calculated as total body fat and did not discriminate visceral versus peripheral fat 
deposition. 
Overall, results of the current study suggest that similar to the overall pass/fitness 
score, normative categorizations of individual fitness markers may not be appropriate for 
predicting chronic disease risk. However, it must be noted that nearly 82.8% of participants 
were classified as overweight or obese in our population and 81.8% exhibited low health-
related fitness scores (passing less than two of the individual fitness markers). Additionally, 
previous studies evaluating the relationships between fitness and biometric measures have 
either analyzed raw fitness results or change in fitness markers whereas the current study 
utilized a pass/fail system rather than raw data. 
CHD and Metabolic Syndrome Risk Factors 
Muscular fitness (a combination of muscular strength and muscular endurance) was 
more predictive of risk for developing metabolic syndrome than for risk of CHD. Muscular 
strength significantly predicted >1 or >2 risk factors for developing metabolic syndrome 
while muscular endurance predicted ≥ 3 metabolic syndrome risk factors. This supports 
previous research suggesting muscular fitness8 is a significant contributor to the development 
of metabolic syndrome23. Muscular strength also significantly predicted CHD risk level, 
which supports previous findings concluding resistance training, specifically muscular 
strength, can decrease risk factors for coronary heart disease57. 
The ATP-III reference guide used for determining risk factors associated with 
metabolic syndrome included abdominal obesity as a risk factor for the development of the 
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disease51. In the current study, body fat exhibited significant predictive ability for number of 
metabolic signs, ≥ 3 metabolic syndrome risk factors, and LDL level. Flexibility and 
muscular endurance also exhibited significant predictive associations with LDL level. 
Interestingly, examining LDL using ANOVA found no differences in LDL by flexibility and 
muscular endurance categorizations. While significant LDL level differences were not 
observed among individual fitness marker categories, likelihood modeling suggests these 
markers continue to serve as significant predictors for LDL level. Finally, flexibility has not 
been previously reported to relate to LDL biochemical values or with the development of 
CHD. Thus, the predictive association between flexibility and LDL prove interesting and 
warrants further investigation.  
 As anticipated, cardiorespiratory fitness exhibited significant predictive associations 
with both the need for LDL lowering medication and ≥3 metabolic syndrome risk factors. 
These findings support previous research demonstrating participation in cardiorespiratory 
activity decreases LDL levels17 and risk of developing metabolic syndrome11. However, 
cardiorespiratory fitness failed to predict any of the remaining CHD or metabolic syndrome 
risk factors. This finding refutes an extensive list of research linking cardiorespiratory fitness 
with decreased risk factors associated with both CVD10, 16, 17 and metabolic syndrome3, 11.  
Each of the individual fitness markers demonstrated significant predictive ability for 
various risk factors associated with CHD and metabolic syndrome; however, overall fitness 
did not exhibit any predictive associations. These findings suggest individual fitness 
categorizations serve as a stronger reference for understanding the predictive associations for 
risk factors compared to a summation of the five markers of health-related fitness. 
Additionally, the variety of predictive associations seen demonstrate that a diversity of 
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multiple fitness markers are needed to greater understand how health-related fitness affects 
risk factors for CHD and metabolic syndrome.  
Limitations 
Results from the biometric blood analysis may have fluctuated due to participant food 
or beverage consumption prior to the assessment. All participants were instructed to fast for 8 
to 12 hours prior to the blood analysis. However, the inability to guarantee this instruction 
may have resulted in skewed biometric values.  
Providing fitness assessments that were simple to administer and provided easy 
mobility, resulted in the use of a variety of fitness protocols. The inconsistency between 
fitness protocols and their normative categorization tables may have contributed to the poor 
fitness results observed within the population.  
Future studies are needed to gain a stronger understanding of the relationships 
between health-related fitness and chronic disease. As a result of the current participants’ low 
health-related fitness and obesity, coupled with appropriate biometric measures, a larger and 
more diverse population would be needed.  
Conclusion  
While health-related fitness has been traditionally recognized as a predictor for 
overall health status6, the current findings suggest an overall pass/fail fitness score based on 
normative fitness categorizations may be inappropriate in predicting biometric measures and 
risk factors associated with chronic disease. The overall pass/fail fitness score did not 
identify differences in biometric measures nor predict risk factors associated with CHD and 
metabolic syndrome. Additionally, current findings suggest normative categorizations, 
specifically those related to health-related fitness, do not distinguish differences among 
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biometric measures. Results also suggest no predictive association of individual health-
related fitness markers were seen with some of the CHD and metabolic syndrome risk 
factors. For those with a predictive association, a combination of individual health-related 
fitness markers is needed to predict CHD or metabolic syndrome. 
 
 
Table 1. Associations of health-related fitness markers with various chronic diseases and 
all-cause mortality 
 CVD 
Metabolic 
Syndrome 
Type 2 
Diabetes 
HTN Cancer Osteoporosis 
All-Cause 
Mortality 
Cardiovascular Fitness 10, 16  11 19, 20 12 14 13 15,16,33 
Muscular Fitness 21 23 21 - 21 22 24 
Flexibility - - - - - - - 
Body Composition 35 35 35 35 35 - 33, 34 
Adapted from10-35 
Abbreviations: CVD, cardiovascular disease; HTN, hypertension 
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Table 2. Participant demographic, anthropometrics, and biometric measures 
 Male Female 
Demographics % (n) % (n) 
Age   
≤30 27.1 % (23) 33.0% (30) 
31-40 28.2% (24) 16.5% (15) 
41-50 23.5% (20) 15.4% (14) 
≥51 21.2% (18) 35.2% (32) 
Ethnicity 
White 94.0% (79) 95.6% (87) 
Black 2.4% (2) 2.2% (2) 
Hispanic 3.6% (3) 2.2% (2) 
Educational Status 
Some high school or less 0.0% (0) 3.3% (3) 
High school degree 22.4% (19) 30.8% (28) 
Some college 34.1% (29) 35.2% (32) 
College graduate 37.6% (32) 29.7% (27) 
Post graduate or professional degree 5.9% (5) 1.1% (1) 
Medication Usage   
Insulin 0.0% (0) 4.4% (4) 
Oral Glucose Lowering Agent 4.7% (4) 3.3% (3) 
Cholesterol Lowering 11.8% (10) 5.5% (5) 
Anti-Hypertension 9.4% (8) 18.7% (17) 
Anthropometrics  (±SD)  (±SD) 
Height, in 70.27 (2.62) 64.47 (2.34) 
Weight, lb 211.99 (44.22) 179.99 (51.19) 
BMI, kg/m2 30.99 (6.81) 29.98 (8.03) 
Body Fat, % 28.42 (6.98) 40.16 (8.27) 
BMI Categorization % (n) % (n) 
Underweight 1.2% (1) 2.2% (2) 
Normal 15.3% (13) 23.3% (21) 
Overweight 32.9% (28) 35.6% (32) 
Obese 50.6% (43) 38.9% (35) 
Body Composition Categorization % (n) % (n) 
Underweight 0.0% (0) 2.2% (2) 
Healthy 12.9% (11) 18.7% (17) 
Overweight 28.2% (24) 23.1% (21) 
Obese 57.6% (49) 56.0% (51) 
Biometric Measures  (±SD)  (±SD) 
Systolic BP, mm Hg 133.55 (13.10) 129.85 (20.08) 
Diastolic BP, mm Hg 85.95 (10.42) 83.61 (14.57) 
Cholesterol, mg/dL 186.63 (38.22) 188.93 (41.25) 
HDL, mg/dL 47.61 (15.28) 63.28 (19.34) 
LDL, mg/dL 114.52 (34.36) 105.84 (32.00) 
Triglycerides, mg/dL 146.04 (97.71) 107.03 (55.12) 
Blood Glucose, mg/dL 98.99 (15.81) 101.10 (29.90) 
Abbreviations: BMI, body mass index; BIA, bioelectrical impedance analysis; BP, blood 
pressure; HDL, high density lipoproteins; LDL, low density lipoproteins 
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Table 3. Individual pass/fail fitness categorizations and overall pass/fail fitness 
score  
 Male Female 
Pass/Fail Fitness Categorizations % (n) % (n) 
Cardiovascular Fitness   
Pass 57.6% (49) 54.9% (50) 
Fail 42.4% (36) 45.1% (41) 
Muscular Strength   
Pass 59.5% (50) 38.5% (35) 
Fail 40.5% (34) 61.5% (56) 
Muscular Endurance   
Pass 28.2% (24) 23.1% (21) 
Fail 71.8% (61) 76.9% (70) 
Flexibility   
Pass 16.5% (14) 6.6% (6) 
Fail 83.5% (71) 93.4% (85) 
Body Composition   
Pass 13.1% (11) 18.7% (17) 
Fail 86.9% (73) 81.3% (74) 
Overall Pass/Fail Fitness Score 
Distributions % (n) % (n) 
0 - Very Poor 10.6% (9) 22.0% (20) 
1 - Poor 32.9% (28) 35.2% (32) 
2 - Fair 36.5% (31) 26.4% (24) 
3 - Good 12.9% (11) 12.1% (11) 
4 - Very Good 5.9% (5) 4.4% (4) 
5 - Excellent 1.2% (1) 0.0% (0) 
 
 
Table 4. ANOVA of biometric measures by body composition classification 
Biometric Measure Underweight Healthy Overweight Obese P-value* 
                                   (standard error) 
Systolic BP, mm Hg 123.50 (17.00) 127.55 (3.60) 130.08 (2.32) 133.50 (1.71) 0.31 
Diastolic BP, mm Hg 89.25 (10.25) 80.75 (2.64) 81.72 (1.34) 86.98 (1.34) 0.03 
HDL, mg/dL 83.00 (14.00) 57.92 (4.14) 59.32 (3.24) 52.67 (1.67) 0.04 
LDL, mg/dL 84.50 (17.5) 92.09 (4.80)a 104.17 (5.87) 117.9 (3.46)b 0.00 
Total Cholesterol, mg/dL 187.50 (25.50) 179.50 (6.54) 182.95 (6.04) 192.23 (4.12) 0.39 
Blood Glucose, mg/dL 101.50 (4.50) 95.08 (2.25) 93.09 (2.31) 104.31 (2.86) 0.05 
Boldface indicates statistical significant (*adjusted α level = 0.007); within rows, items with 
different letters are significantly different 
Abbreviation: BP, blood pressure; HDL, high density lipoproteins; LDL, low density lipoproteins 
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Table 5. Multivariate likelihood analysis modeling predicting CHD and metabolic syndrome 
 CHD  Metabolic Syndrome 
Fitness Measures 
Risk 
Level 
LDL 
Level 
LDL 
Medication 
 Number 
of Signs 
>1 
Risk 
> 
2Risks  
≥3 
Risks 
                               Non-parametric r values 
Cardiorespiratory Fitness 0.04 0.06 0.16*  0.08 0.01 0.05 0.09
** 
Muscular Strength 0.10* 0.03 0.03  0.04 0.05
* 0.27** 0.27 
Flexibility 0.05 0.07* 0.04  0.04 0.04 0.06 0.06 
Muscular Endurance 0.05 0.11** 0.10  0.07 0.01 0.08 0.08
** 
Body Composition 0.02 0.07* 0.05  0.09** 0.01 0.01 0.12** 
Overall Pass/Fail Fitness Score 0.04 0.04 0.09  0.04 0.02 0.08 0.04 
 * Statistically significant < 0.05; ** Statistically significant < 0.01; italics indicates trends < 0.10. 
Abbreviation: CHD, coronary heart disease 
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CHAPTER VI 
CONCLUSION 
 
This overall pass/fail fitness score was created in order to understand how health-
related fitness contributes to health status. The overall pass/fail fitness score utilized 
normative categorization tables provided for each health-related fitness marker. Health status 
markers consisted of biometric measures, coronary heart disease (CHD) and metabolic 
syndrome risk factors, and self-reported quality of life (QOL).  
Overall pass/fail fitness score exhibited significant correlations, significantly different 
distributions, and similar gender differences with individual health-related fitness markers. 
These results suggest overall pass/fail fitness score served as a successful representation of 
the five health-related fitness markers.  
Current findings also suggested that the participant’s low overall pass/fail fitness 
scores correlated with decreased QOL. Additionally, overall pass/fail fitness and QOL did 
not exhibit significantly different distributions, suggesting similar distribution patterns 
existed. The overall pass/fail fitness score may serve as a useful tool in understanding overall 
health-related fitness relative to self-reported QOL.   
The overall pass/fail fitness score was unable to identify differences in biometric 
measures or predict risk factors associated with CHD or metabolic syndrome. The predictive 
associations seen by individual health-related fitness markers were inconsistent and did not 
exhibit strong relationships with risk factors. The overall pass/fail fitness score based on 
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normative fitness categorizations proved to be an inappropriate method in understanding 
chronic disease relative to health-related fitness.  
Within the study, participants presented low muscular endurance, flexibility, and 
body composition resulting in low overall pass/fail fitness. The poor results in three of the 
five individual fitness categories suggest alternate fitness measures should be used in future 
studies. Additionally, the population exhibited an unusual pairing of health markers with low 
fitness and appropriate biometric measures. Future studies with a larger/diverse population 
and alternative fitness assessments are needed to evaluate overall pass/fail fitness relative to 
chronic disease. 
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APPENDIX B 
INFORMED CONSENT 
INFORMED CONSENT DOCUMENT 
Title of Study: Worksite Wellness Program 
Investigators: Ruth Litchfield, Ph.D., (Principal Investigator);  
Tim Griesdorn, Ph.D., (Co-PI);  
Mike O’Donnell, MBA, (Co-PI);  
Kayli Julander (Co-PI); 
Kevin Zimmerman (Co-PI) 
 
This is a research study. Please take your time in deciding if you would like to participate. Please feel 
free to ask questions at any time.  
INTRODUCTION 
The purpose of this study is to create a worksite wellness program to promote positive behaviors 
and skills in the area of health, nutrition and personal finance to improve employee wellness and 
financial literacy. We are examining the impact of the worksite wellness program on healthcare 
usage as well as health status markers. This data will demonstrate how worksite wellness programs 
provide a return on investment to both the employer (healthcare usage and cost) and the employee 
(health status). The objectives are to increase understanding of nutrition and physical activity 
recommendations, modify the workplace food environment (vending machine and cafeteria), 
improve dietary intakes, increase physical activity levels, improve health status indicators, increase 
participation in Flexible Spending Accounts, improve financial management skills, increase 
awareness of community resources available to assist with financial decision making, establish 
personal financial goals and make progress towards those goals, and increase productivity. You are 
being invited to participate in this study as a participant in the worksite wellness program. 
Participation in the health risk appraisal means you agree to participate in the workplace wellness 
program when it is established. If you presently have one of the following unmanaged health 
conditions (asthma, coronary artery disease, depression, diabetes, hypertension, migraines, cancer 
or cancer related complications) you will be excluded from the wall sit and 3-minute step test 
portion of the health risk appraisal.  
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DESCRIPTION OF PROCEDURES 
If you agree to participate, you will be asked to complete: 
• A health/medical history [i.e. education, gender, age, nationality, marital status, 
family/friend ties, children, pregnancy status (women only), tobacco and alcohol use, sleep 
habits] 
• Surveys about physical activity, stress level, financial well-being, satisfaction with life, food 
security, eating habits, work experiences, and intentions 
• Fitness assessment (hand grip strength, wall sit test, shoulder mobility test, body 
composition test, and a 3-minute step test)  
• Height will be measured using standard meter sticks attached to the wall and flat headpiece 
to form a right angle with the wall 
• Weight will be measured with a portable digital scale 
• Blood pressure and heart rate will be measured with an automated cuff following the 
National Heart Lung and Blood Institute guidelines 
• Finger stick for blood sample (glucose, triglycerides, cholesterol) will be taken by a Blood 
Borne Pathogen trained team member. The finger stick will be done with a lancet on the 
finger tip to obtain a few drops of blood. 
• Financial counseling (ISU faculty) to review financial well-being scale and may complete a 
Credit Report Request Form (this will require your social security number and your credit 
history report will be mailed to you) 
• Health counseling (ISU faculty) to review health related surveys, risk appraisal results and 
complete a health literacy assessment. 
Participants will be randomly assigned to either receive or not receive the worksite wellness 
programing. You will not be allowed to decide which group you wish to participate. 
Your participation will last anywhere from 12 months to a maximum of 24 months. The initial 
assessment will last approximately an hour and will consist of the above mentioned surveys, fitness 
assessments, blood draw, and measurements. The worksite wellness programming portion of this 
study will consist of 13-26 educational sessions lasting an hour to an hour and a half in length over a 
six month period of time. The paper based portions of the health risk appraisal will be administered 
at the conclusion of programming (approximately 15 minutes in length). The follow-up health risk 
appraisal will occur six months after completion of the wellness programming and will consist of the 
same data collection as the initial assessment (approximately one hour in length). 
Participant absenteeism records will be tracked by your employer and will be provided to the 
research team over the course of the study. Healthcare use (office visits, procedures, 
hospitalization, prescription claims, and diagnoses) tracked by your insurance carrier and will be 
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provided to the research team upon completion of a Health Information Portability and Privacy Act 
authorization form. 
RISKS 
Potential risks of the study are minimal beyond those of getting a physical exam and attending 
educational programs on nutrition and finance. Potential bruising or infection may result around the 
finger stick site. While participating in this study you may experience the following risks: boredom 
when completing the study surveys, learn your current lifestyle exposes you to higher risks of heart 
disease, cancer, and type 2 diabetes, or feel uncomfortable when asked to participate in adult 
learning strategies such as cooperative learning in the education programs. All precautions are being 
taken to maintain confidentiality of all personal information.  
BENEFITS 
If you decide to participate in this study there may be no direct benefit to you. You will receive 
individual feedback from filling out a risk assessment that highlights areas for improvement and how 
your values compare to recommended standards or guidelines. You will gain knowledge and 
understanding of your current health and financial status as well as receive educational 
programming on healthy living (food preparation skills, nutrition and physical fitness) and resource 
management principles.  This may improve your overall health, improve productivity and profits, 
and decrease healthcare expenditures. It is hoped that the information gained in this study will 
benefit society by improving worksite wellness programming to facilitate the transfer of positive 
behaviors and skills in the area of health, nutrition and personal finance to employees. 
COSTS AND COMPENSATION 
You will not have any costs from participating in this study. The initial and follow-up health risk 
appraisals will be provided to participants free of charge representing an approximate $100 value to 
participants. Participants will also receive all educational programming free of charge.   
PARTICIPANT RIGHTS 
Your participation in this study is completely voluntary and you may refuse to participate or leave 
the study at any time. If you decide to not participate in the study or leave the study early, it will not 
result in any penalty or loss of benefits to which you are otherwise entitled. You can skip any 
questions that you do not wish to answer or any portion of the health risk appraisal. 
CONFIDENTIALITY 
Records identifying participants will be kept confidential to the extent permitted by applicable laws 
and regulations and will not be made publicly available. However, federal government regulatory 
agencies, auditing departments of Iowa State University, Economic Development Administration and 
the Institutional Review Board (a committee that reviews and approves human subject research 
studies) may inspect and/or copy your records for quality assurance and data analysis. These 
records may contain private information. 
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To ensure confidentiality to the extent permitted by law, the following measures will be taken: 
Confidentiality of all records is strictly maintained by established procedures, the original study data 
are kept in a locked file in the principal investigator's office with access limited to the principal 
investigator. All data will be stripped of personal identifiers prior to entering data into an electronic 
data file using SPSS (Statistical Package for the Social Sciences).  Study records will not identify 
subjects by name but using a numeric code. The data will be entered into a computer by the 
principal investigator or a co-principal investigator. The computer file will contain the research data 
that will be utilized for the statistical analysis. The statistical data will not contain any personal 
information such as your name or email address. The statistical data will be kept on Iowa State 
University computers during the time the research is being conducted. Access to these computers 
requires a principal investigator user name and password and access is limited to those listed as 
investigators. Physical records are stored in a secured building in a locked cabinet and will be 
destroyed after three years. The primary investigator and co-investigators will review all data. Any 
violation of confidentially will be immediately reported to the IRB. All measures will be taken for 
participant privacy and confidentiality throughout data collection (health risk assessment) and 
analysis. During the health risk appraisal, those items confidential/sensitive in nature will be 
performed in as much privacy (i.e. private room, curtains, screens) as possible. Electronic files will be 
retained for five years after data collection. If the results are published, your identity will remain 
confidential as only group data will be shared. 
QUESTIONS OR PROBLEMS 
You are encouraged to ask questions at any time during this study.   
• For further information about the study contact Ruth Litchfield, (515) 294-9484 or via email 
at litch@iastate.edu. 
• If you have any questions about the rights of research subjects or research-related 
injury, please contact the IRB Administrator, (515) 294-4566, IRB@iastate.edu, or 
Director, (515) 294-3115, Office for Responsible Research, Iowa State University, 
Ames, Iowa 50011.  
PARTICIPANT SIGNATURE 
Your signature indicates that you voluntarily agree to participate in this study, that the study has 
been explained to you, that you have been given the time to read the document, and that your 
questions have been satisfactorily answered. You will receive a copy of the written informed 
consent prior to your participation in the study.  
Participant’s Name (printed)         
           
(Participant’s Signature)     (Date)  
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APPENDIX C 
HEALTH PERCEPTION QUESTIONNAIRE 
In general, would you say your health is (check one): 
□ Excellent 
□ Very Good 
□ Good 
□ Fair 
□ Poor 
□ Don’t know 
 
What do you feel is the best indicator of health status (check one)? 
□ Weight/ how your clothes fit 
□ Blood cholesterol  
□ Blood sugar  
□ Blood pressure 
□ Ability to participate in desired activities 
□ Feel as though energy is at adequate levels 
□ Dietary Habits 
□ Other: _________________________ 
 
This section is about some possible effects of regular physical activity.  Please tell 
us a number to indicate your level of agreement: 
If I participate in regular physical activity or 
sport, then: 
Strongly 
Disagree 
Somewhat 
Disagree 
Neutral Somewhat 
Agree 
Strongly 
 Agree 
1. I will meet new people 1 2 3 4 5 
2. I will lose weight or improve my strength 1 2 3 4 5 
3. I will feel less tension and stress 1 2 3 4 5 
4. I will improve my health or reduce my risk 
of disease 
1 2 3 4 5 
5. I will do better at my job 1 2 3 4 5 
6. I will improve my heart and lung fitness 1 2 3 4 5 
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APPENDIX D 
DATA COLLECTION FORM 
 
Part I: Employee Information 
  
4. You are (check appropriate box): 
 
 
White  Black  Hispanic  Asian  Pacific 
Islander 
 American 
Indian 
 Other (specify) 
______________ 
 
5. Highest level of education you have achieved (check highest level of education): 
 Some high school or less  High school graduate  Some college 
 College graduate  Post graduate or professional degree 
 
6. Has a doctor told you that you have any of the following? (check all that apply) 
----if any of the shaded conditions are not well-controlled or are currently being treated, do not complete wall sit or 3-
minute step test 
 Allergies 
 
 Heartburn or acid reflux 
 Angina (chest pain)  
 
 High cholesterol (fat in the blood) 
 Arthritis  Hypertension (high blood pressure) (if checked, is 
your hypertension being treated successfully by your 
doctor? Yes/No) 
 Asthma (if checked, is your asthma being treated 
successfully by your doctor? Yes/No) 
 Joint disorder/degeneration 
 Back pain 
 
 Kidney disease 
 Cancer (if checked, are you currently being treated for 
cancer or any cancer related complications? Yes/No) 
 Liver disease 
 Chronic bronchitis, emphysema or COPD (lung 
problems) 
 Menopause (women only) 
 Chronic pain  Migraines (if checked, are your migraines being 
treated successfully by your doctor? Yes/No) 
 Congestive heart failure 
 
 Osteoporosis (weak bones) 
 Heart disease (heart problems or hardening of 
arteries) (if checked, is your heart disease being 
treated successfully by your doctor? Yes/No)  
 Past stroke 
 Depression (if checked, is your depression being 
treated successfully by your doctor? Yes/No) 
 Prostate problems 
 Diabetes (if checked, is your diabetes being treated 
successfully by your doctor? Yes/No) 
 Sleep disorder 
 End stage renal disease 
 
 Thyroid problems 
 Frequent colds (3+/year) 
 
 Other condition:________________ 
1.  Last 4 digits of phone # 
 
2. Gender (check appropriate box)  3. Date of Birth   
   Male  Female  Month  
Day Year  
Participant ID#  
 
____________
_ 
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8. Family history (Check family members who have had any of the following conditions): 
Medical condition Mom Dad Sibling Child Grand-
parent 
Other 
Relative 
Alcoholism       
Anemia       
Angina (chest pain)        
Arthritis       
       
Bleeding problems       
Cancer (all types)       
Chronic bronchitis, emphysema or COPD       
Chronic pain       
Congestive heart failure       
Coronary artery disease (heart problems or 
hardening of arteries) 
      
Depression       
Diabetes       
End stage renal disease       
Epilepsy (seizures)       
Genetic diseases       
Heartburn or acid reflux       
High cholesterol (fat in the blood)       
Hypertension (high blood pressure)       
Kidney disease       
Liver disease       
Lupus       
Migraines       
Osteoporosis (weak bones)       
Stroke       
Prostate problems       
Sleep disorder       
Thyroid problems       
Tuberculosis       
Other conditions 
(specify):_________________ 
      
 
9. Current medications (prescription, non-prescription, vitamins, herbs, birth control): 
Medication Dose (if known) Times per day 
   
   
   
   
   
   
10. Procedure history: (list all prior operations and dates) 
Procedure Date  Procedure Date 
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11. Marital Status (check as appropriate) 
 Single  Married  Widowed  Separated  Divorced 
 
12. In general, how strong are your social ties with your family and/or friends? (check 
as appropriate) 
 Very strong  About average  Weaker than average  Not sure 
 
13. Do you have children?  Yes  No 
     
14. Women only: are you pregnant?  Yes  No 
 
15. How would you describe your cigarette smoking habits? 
(check as appropriate) 
 Never smoked  Used to smoke  Still smoke 
(if you still smoke) How many cigarettes a day?________ 
Other forms of tobacco 
 Pipes  Cigars  Smokeless 
tobacco 
 
16. How many alcoholic beverages do you 
drink in a typical week?  
(one drink= one beer, glass of wine, shot of 
liquor or a mixed drink) 
 
 
17. How many hours of sleep do you usually get at night? 
(check as appropriate) 
 ≤ 5 hours  6 hours  7 hours  8 hours  ≥ 9 hours 
 
Choose one activity category that best describes your usual pattern of daily 
physical activities, including activities related to house and family care, 
transportation, occupation, exercise and wellness, and leisure or recreational 
purposes.  
 
_____ Level 1: Inactive or little activity other than usual daily activities. 
_____ Level 2: Regularly participate in physical activities requiring low levels of exertion that result in 
slight increases in breathing and heart rate for at least 10 minutes at a time. 
_____ Level 3: Participate in aerobic exercises such a brisk walking, jogging or running, cycling, 
swimming, or vigorous sports at a comfortable pace or other activities requiring similar levels of 
exertion for 20-60 minutes per week.  
_____ Level 4: Participate in aerobic exercises such as brisk walking, jogging or running at a 
comfortable pace or other activities requiring similar levels of exertion for 1-3 hours per week.  
_____ Level 5: Participate in aerobic exercises such as brisk walking, jogging or running at a 
comfortable pace or other activities requiring similar levels for over 3 hours per week.  
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Please indicate with a check how often you felt or thought a certain way 
during the last month. 
Question: In the last month: Never Almost 
Never 
Some 
times 
Fairly 
Often 
Very 
Often 
1. How often have you been upset because of 
something that happened unexpectedly? 
     
2. How often have you felt that you were unable to 
control the important things in your life?  
     
3. How often have you felt nervous and "stressed"?  
 
     
4. How often have you felt confident about your ability 
to handle your personal problems?  
     
5. How often have you felt that things were going your 
way? 
     
6. How often have you found that you could not cope 
with all the things that you had to do?  
     
7. How often have you been able to control irritations in 
your life?  
     
8. How often have you felt that you were on top of 
things?  
     
9. How often have you been angered because of 
things that were outside of your control?  
     
10. How often have you felt difficulties were piling up 
so high you could not overcome them?  
     
 
Think about your eating habits over the past month. How often do you eat 
each of the following foods (breakfast, lunch, dinner, snacks, eating out)? 
Please check the one column that best describes the frequency of 
consumption for each food.  
Fruits, Vegetables, and Grains Less 
than 
1/WEEK 
Once a 
WEEK 
2-3 
times a 
WEEK 
4-6 
times a 
WEEK 
Once 
a DAY 
2+ a 
DAY 
Fruit juice, like orange, apple, grape, fresh, frozen or 
canned (no sodas or other drinks) 
      
How often do you eat any fruit, fresh or canned? (not 
counting juice) 
      
Vegetable juice, like tomato juice, V-8, carrot 
 
      
Green salad 
 
      
Potatoes, any kind (baked/mashed/french fried) 
 
      
Vegetable soup, or stew with vegetables 
 
      
Any other vegetables, including string beans, peas, 
corn, broccoli or any other kind 
      
Fiber cereals (Raisin Bran, Shredded Wheat, Fruit-n-
Fiber 
      
Beans such as baked beans, pinto, kidney, or lentils 
(not green beans) 
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Dark bread such as whole wheat or rye 
 
      
 
Meats and Snacks 
1/MONTH 
or less 
2-3 
times a 
MONTH 
1-2 
times a 
WEEK 
3-4 
times 
a WK 
5+ 
times 
a WK 
Hamburgers, ground beef, meat burritos, tacos 
     
Beef or pork, such as steaks, roasts, ribs, or in sandwiches 
     
Fried chicken 
     
Hot dogs, or Polish or Italian sausage 
     
Cold cuts, lunch meats, ham ( not low-fat) 
     
Bacon or breakfast sausage 
     
Salmon 
     
Other fish-mackerel, jack 
     
Salad dressing (not low-fat) 
     
Margarine, butter or mayo on bread or potatoes 
     
Margarine, butter or oil in cooking 
     
Eggs (not Egg Beaters or just egg whites) 
     
Pizza 
     
Cheese, cheese spread (not low-fat) 
     
Low-fat or reduced-fat cheese, cheese spread 
     
Whole milk 
     
1% or skim milk 
     
Yogurt (low-fat) 
     
French fries, fried potatoes 
     
Corn chips, potato chips, popcorn, crackers 
     
Doughnuts, pastries, cake, cookies (not low-fat) 
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Ice cream (not sherbet or non-fat) 
     
 
Circle the number on the scale provided that most closely reflects your 
response to the question.  
1. What do you feel is the level of your financial stress today? 
1 2 3 4 5 6 7 8 9 10 
Overwhelming 
Stress 
 High 
Stress 
Low 
Stress 
 No Stress 
at All 
2. How satisfied are you with your present financial situation? 
1 2 3 4 5 6 7 8 9 10 
Dissatisfied  Somewhat 
Dissatisfied 
Somewhat  
Satisfied 
 Satisfied 
3. How do you feel about your current financial condition? 
1 2 3 4 5 6 7 8 9 10 
Feel 
Overwhelmed 
 Sometimes 
Feel Worried 
Not 
Worried 
 Feel Comfortable 
4. How often do you worry about being able to meet normal monthly living expenses? 
1 2 3 4 5 6 7 8 9 10 
All the Time  Sometimes Rarely  Never 
5. How confident are you that you could find the money to pay for a financial emergency that cost 
about $1,000? 
1 2 3 4 5 6 7 8 9 10 
No 
Confidence 
 Little 
Confidence 
Some 
Confidence 
 High 
Confidence 
6. How often does this happen to you? You want to go out to eat, go to a movie or do something 
else and don’t go because you can’t afford to? 
1 2 3 4 5 6 7 8 9 10 
All the Time  Sometimes Rarely  Never 
7. How frequently do you find yourself just getting by financially and living paycheck to paycheck? 
1 2 3 4 5 6 7 8 9 10 
All the Time  Sometimes Rarely  Never 
8. How stressed do you feel about your personal finances in general? 
1 2 3 4 5 6 7 8 9 10 
Overwhelming 
Stress 
 High 
Stress 
Low 
Stress 
 No Stress 
at All 
 
Below are five statements that you may agree or disagree with. Check the box 
that most closely reflects how much you agree or disagree with each 
statement  
Statement 
Strongly 
disagree 
Disagree 
Slightly 
disagree 
Neutral 
Slightly 
agree 
Agree 
Strongly 
agree 
In most ways my life is close to 
my ideal. 
       
The conditions of my life are 
excellent. 
       
I am satisfied with my life.        
So far I have gotten the        
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important things I want in life. 
If I could live my life over, I would 
change almost nothing. 
       
     
     
     
     
     
In the past 12 months: Often Some-
times 
Never 
true 
Don’t 
Know 
The food that we bought just didn't last, and we didn’t have money to get 
more. 
    
We couldn’t afford to eat balanced meals. 
 
    
    
In the past 12 months:  Yes No Don’t 
know 
Did you or any other adults in your household ever cut the size of your meals or skip 
meals because there wasn’t enough money for food.  
   
If yes, circle how often that happened.  
Almost every 
month 
Some 
months, 
not every 
Only 1 
or 2 
months 
Don’t 
know 
    
In the past 12 months: Yes   No Don’t 
know 
Did you ever eat less than you felt you should because there wasn’t enough money 
for food? 
   
Were you ever hungry but didn’t eat because there wasn’t enough money for food? 
 
   
   
 Yes No 
Are you currently receiving assistance from any programs (federal, state or 
private)? 
  
 
Below-describe your work experiences in the past month. These experiences may 
be affected by many environmental as well as personal factors and may change 
from time to time. For each of the following statements, please check one of the 
responses to show your agreement or disagreement with each statement. 
Statement Strongly 
Disagree 
Somewhat 
Disagree 
Uncertain Somewhat 
Agree 
Strongly 
Agree 
Because of my health problems, the stresses of my 
job were much harder to handle.      
Despite having my health problem, I was able to finish 
hard tasks in my work.       
My health problem distracted me from taking pleasure 
in my work.       
I felt hopeless about finishing certain work tasks, due 
to my health problems.       
At work, I was able to focus on achieving my goals 
despite my health problem.       
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Despite having my health problem, I felt energetic 
enough to complete all my work.       
My health problem affected my productivity while I 
was working.      
In the past how much of the time did your physical or emotional health 
problems make it difficult for you to do the following? (Check the box that 
most closely reflects your response to each statement.) 
Statement 
All of the 
time 
Most of 
the time 
Some of 
the time 
A slight 
bit of the 
time 
None of 
the time 
Doesn’t 
apply 
Handle the workload? 
 
      
Work fast enough? 
 
      
Finish work on time? 
 
      
Do your work without making 
mistakes? 
      
Feel you’ve done what you are 
capable of doing? 
      
 
Using the scale provided, please indicate how much each of the following 
statements reflects how you typically are. 
Statement Not at all  Very much 
I am good at resisting temptation. 
 
1 2 3 4 5 
I have a hard time breaking bad habits. 
 
1 2 3 4 5 
I am lazy. 
 
1 2 3 4 5 
I say inappropriate things. 
 
1 2 3 4 5 
I do certain things that are bad for me, if they are fun. 
 
1 2 3 4 5 
I refuse things that are bad for me.  
 
1 2 3 4 5 
I wish I had more self-discipline. 
 
1 2 3 4 5 
People would say that I have iron self-discipline.  
 
1 2 3 4 5 
Pleasure and fun sometimes keep me from getting work 
done.  
1 2 3 4 5 
I have trouble concentrating.  
 
1 2 3 4 5 
I am able to work effectively toward long-term goals.  
 
1 2 3 4 5 
Sometimes I can’t stop myself from doing something, even 1 2 3 4 5 
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if I know it is wrong.  
I often act without thinking through all the alternatives.  
 
1 2 3 4 5 
 
For each of the following items, mark the number that best describes your 
current beliefs. How certain are you that you could overcome the following 
barriers? 
 
1. I can manage to stick to healthful 
foods…. 
 
Very 
Certain 
Rather 
Certain 
Rather 
Uncertain 
Very 
Uncertain 
… even if I need a long time to develop the 
necessary routines. 
4 3 2 1 
… even if I have to try several times until it 
works. 
 
4 3 2 1 
… even if I have to rethink my entire way of 
eating. 
 
4 3 2 1 
… even if I do not receive a great deal of 
support from others when making my first 
attempt. 
4 3 2 1 
… even if I have to make a detailed plan. 
 
4 3 2 1 
2. I can manage to carry out my exercise 
intentions…. 
Very 
Certain 
Rather 
Certain 
Rather 
Uncertain 
Very 
Uncertain 
… even when I have worries and problems. 
 
4 3 2 1 
… even if I feel depressed. 
 
4 3 2 1 
… even when I feel tense. 
 
4 3 2 1 
… even when I am tired. 
 
4 3 2 1 
… even when I am busy. 
 
4 3 2 1 
3. How sure are you that you can do what 
you need… 
Very 
Sure 
Fairly 
Sure 
 
Just a 
Little 
Sure 
Not at all 
Sure 
to make and stay with changes in your eating 
plan? 
 
4 3 2 1 
to make and stay with changes in your regular 
program of exercise? 
4 3 2 1 
to make healthful food choices regularly? 
 
4 3 2 1 
to get exercise regularly? 
 
4 3 2 1 
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Do you have any food allergies and if so, 
what are they? 
 
Please list any dietary restrictions you may 
have. 
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APPENDIX E 
ASSESSMENT FORM 
Baseline Assessment Form                    Participant ID #__________ 
Date ____________ Start Time__________ Last 4 digits of phone number________ 
*** Participant completed the informed consent and Health Risk Appraisal Survey 
ADMIN___________ 
***An asterisk (*) denotes areas to leave blank and they will be figured later.  
Blood Pressure Systolic Diastolic 
 Pulse (beats per minute) 
Reading 1    Heart Rate 1  
Reading 2    Heart Rate 2  
Average    Average  
Category*    ADMIN____________  
ADMIN__________                                      
Blood draw (Yes/No) 
Fasting  
ID # and initials written on label  
ADMIN_________(place label print out to the right of this table) 
Height (inches) 
(to 2 decimal places) 
 
Height 1 (in)  
Height 2 (in)  
Average  
ADMIN___________                                     
Weight (pounds) 
(to 1 decimal place) 
Weight 1  
Weight 2  
Average  
ADMIN___________ 
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Waist to hip ratio (within 0.5 cm) 
Waist 1  Hip 1  
Ratio of  
Averages* 
 
Disease Risk of 
Averages* 
 
Waist 2  Hip 2  
Average  Average  
ADMIN___________ 
 
Cardiovascular (3-minute YMCA step test) 
BPM  
Classification*  
ADMIN___________ 
Strength 
  
Dynamometer (pounds) Right hand Left hand 
  
Measure 1     
Measure 2     
Measure 3     
Averages   Total*  
Rating*    
ADMIN___________ 
Body composition 
Elbow Breadth (mm) RJL BIA 
Measure 1  Resistance  
Measure 2  Reactance  
Average  BMI*  
ADMIN___________ Body fat %*  
  Classification*  
  Fat Free Mass*  
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Flexibility 
Shoulder Stretch Flexibility 
Rating (cm) 
Left up Right up 
Measure 1   
Measure 2   
Measure 3   
Average   
Rating*   
ADMIN___________ 
Endurance 
Wall Sit (seconds) 1 2 3 4 Average 
 Times      
     Rating*  
ADMIN___________ 
Station 8 Task Yes No 
Question 1.   
Question 2.   
Question 3.   
Question 4.   
Question 5.   
Question 6.   
Totals for Yes and No:   
 
Credit form completed and 
collected (check) 
 
ADMIN___________ 
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APPENDIX F 
EMPLOYEE RESULTS FORMS 
Participant ID #_________________  Last 4 digits of phone number_______________ 
Height______________          Weight______________ 
Assessment Your Results Normal Ranges 
Blood Pressure Systolic: 
Rating: 
 
Diastolic: 
Rating: 
Category Systolic Diastolic 
Normal <120 <80 
Prehypertensive 120-139 80-89 
Stage 1 Hypertension 140-159 90-99 
Stage 2 Hypertension ≥160 ≥100 
 
Pulse Beats per 
minute:  
60-100 beats per minute 
Factors that could affect pulse 
Activity level, fitness level, air temperature, body position, 
emotions, body size, medications, caffeine 
 
Cholesterol Level: 
 
Rating: 
Level Rating 
<200 ml/dL Desirable 
200-239 ml/dL Borderline higher 
≥240 ml/dL Higher 
 
HDL (good) Level: 
Rating: 
Level Rating 
<40 mg/dL Low 
≥60 mg/dL High (good) 
 
LDL Level: 
 
Rating: 
Level Rating 
<100 mg/dL Optimal 
100-129 mg/dL Near optimal 
130-159 mg/dL Borderline high 
160-189 mg/dL High 
≥190 mg/dL Very high 
 
Triglycerides Level: 
 
Rating: 
Level Rating 
<150 mg/dL Optimal 
150-199 mg/dL Near Optimal 
200-499 mg/dL High 
≥500 mg/dL Very High 
 
Blood glucose Level: 
 
Rating: 
Fasting Glucose Level Rating 
<100 mg/dL Normal 
100-125 mg/dL Pre-diabetic 
≥126 mg/dL Diabetes Mellitus 
 
Risk for disease 
(Waist to hip 
ratio) 
Waist: 
 
 
Hip: 
 
 
Ratio: 
 
 
Disease Risk:  
Men Disease Risk Related to Obesity 
Age (years) Low Moderate High Very High 
20-29 <0.83 0.83-0.88 0.89-0.94 >0.94 
30-39 <0.84 0.84-0.91 0.92-0.96 >0.96 
40-49 <0.88 0.88-0.95 0.96-1.00 >1.00 
50-59 <0.90 0.90-0.96 0.97-1.02 >1.02 
60-69 <0.91 0.91-0.98 0.99-1.03 >1.03 
 
Women Disease Risk Related to Obesity 
Age (years) Low Moderate High Very High
20-29 <0.71 0.71-0.77 0.78-0.82 >0.82 
30-39 <0.72 0.72-0.78 0.79-0.84 >0.84 
40-49 <0.73 0.73-0.79 0.80-0.87 >0.87 
50-59 <0.74 0.74-0.81 0.82-0.88 >0.88 
60-69 <0.76 0.76-0.83 0.84-.090 >0.90 
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Body 
composition 
Body fat %: 
 
Classification:  
WOMEN 
(age) 
Underweigh
t 
Health
y 
Overweigh
t 
Obese 
20-40 yrs < 21% 21-33% 33-39% >39% 
41-60 yrs <23% 23-35% 35-40% >40% 
61-79 yrs <24% 24-36% 36-42% >42% 
 
MEN (age) Underweigh
t 
Health
y 
Overweigh
t 
Obese 
20-40 yrs < 8% 8-19% 19-25% >25% 
41-60 yrs <11% 11-22% 22-27% >27% 
61-79 yrs <13% 13-25% 25-30%% >30% 
 
Cardiovascular 
(3 minute step 
test) 
Beats per minute: 
 
 
Classification: 
Strength 
(Grip strength) 
Total of left average and right average: 
 
Rating: 
Flexibility 
(Shoulder 
stretch) 
Average Left: 
Rating: 
 
Average Right: 
Rating: 
Distance (cm) Men Women 
Rating R up L up R up L up 
Excellent >12 >9 >14 >12 
Good 1-11 1-8 4-13 4-11 
Fair 0 0 3 3 
Low <0 <0 <3 <3 
 
Muscular 
endurance 
(Wall sit) 
Average time: 
 
 
Rating: 
Time (seconds 
Rating Males Females 
Excellent >100 >60 
Good 75-100 45-59 
Average 50-74 35-44 
Below Ave 25-49 20-34 
Very poor <25 <20 
 
Personal 
Financial 
Wellbeing 
Average 
score: 
Avera
ge  
Description 
1.0 Overwhelming financial distress/lowest financial well-being 
2.0 Extremely high financial distress/extremely low financial 
well-being 
3.0 Very high financial distress/very poor financial well-being 
4.0 High financial distress/poor financial well-being 
5.0 Average financial distress/average financial well-being 
6.0 Moderate financial distress/moderate financial well-being 
7.0 Low financial distress/good financial well-being 
8.0 Very low financial distress/very good financial well-being 
9.0 Extremely low financial distress/extremely high financial 
well-being 
10.0 No financial distress/highest financial well-being 
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 APPENDIX G 
Normative Tables 
Body Composition: Bioelectrical Impedance Analysis  
WOMEN (age) Underweight Healthy Overweight Obese 
20-40 yrs < 21% 21-33% 33-39% >39% 
41-60 yrs <23% 23-35% 35-40% >40% 
61-79 yrs <24% 24-36% 36-42% >42% 
MEN (age) Underweight Healthy Overweight Obese 
20-40 yrs < 8% 8-19% 19-25% >25% 
41-60 yrs <11% 11-22% 22-27% >27% 
61-79 yrs <13% 13-25% 25-30%% >30% 
 
Cardiorespiratory Fitness: YMCA 3 minute step-test 
MEN 18-25 years 26-35 years 36-45 years 46-55 years 56-65 years Over 65  
Excellent ≥78 ≥79 ≥81 ≥84 ≥82 ≥86 
Good 79-88 80-88 82-94 85-96 83-97 87-95 
Above Ave 89-97 89-97 95-102 97-103 98-101 96-102 
Average 98-104 98-106 103-111 104-115 102-111 103-113 
Below Ave 105-114 107-116 112-118 118-121 112-118 114-119 
Poor 115-126 117-126 119-128 122-130 119-128 120-128 
Very Poor 127-164 127-164 129-168 135-158 129-150 129-152 
WOMEN 18-25 years 26-35 years 36-45 years 46-55 years 56-65 years Over 65 
Excellent ≥83 ≥86 ≥87 ≥93 ≥92 ≥86 
Good 84-97 87-97 88-101 94-102 93-103 87-100 
Above Ave 98-106 98-110 102-109 103-113 104-111 101-114 
Average 107-116 111-118 110-117 114-120 112-117 115-121 
Below Ave 117-124 119-127 118-127 121-126 118-127 122-127 
Poor 125-137 128-135 128-138 127-133 128-136 128-134 
Very Poor 137-155 136-154 139-152 134-152 137-151 135-151 
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Muscular Strength: Handgrip Dynamometer  
Males 20-29 years 30-39 years 40-49 years 50-59 years 60-69 years 
Excellent ≥115 kg ≥115 kg ≥108 kg ≥101 kg ≥100 kg 
Very good 104-114 104-114 97-107 92-100 91-99 
Good 95-103 95-103 88-96 84-91 84-90 
Fair 84-94 84-94 80-87 76-83 73-83 
Needs improvement ≤83 ≤83 ≤79 ≤75 ≤72 
Females 20-29 years 30-39 years 40-49 years 50-59 years 60-69 years 
Excellent ≥70 kg ≥71 kg ≥69 kg ≥61 kg ≥54 kg 
Very good 63-69 63-70 61-68 54-60 48-53 
Good 60-62 58-62 54-60 49-53 45-47 
Fair 52-59 51-57 49-53 45-48 41-44 
Needs improvement ≤51 ≤50 ≤48 ≤44 ≤40 
 
Muscular Endurance: Wall-Sit 
Time (seconds 
Rating Males Females 
Excellent >100 >60 
Good 75-100 45-59 
Average 50-74 35-44 
Below Average 25-49 20-34 
Very poor <25 <20 
 
Flexibility: Shoulder Reach Flexibility Test 
Distance (cm) Men Women 
Rating R up L up R up L up 
Excellent >12 >9 >14 >12 
Good 1-11 1-8 4-13 4-11 
Fair 0 0 3 3 
Low <0 <0 <3 <3 
 
 
